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(54) Optical head, method for fabricating an optical head, and apparatus for fabricating an optical 
head 



(57) There is provided an optical head including a 
laser diode chip (1). a lens, an optical separator (7) for 
separating lights reflected from the object, and a photo- 
diode chip (6) receiving the thus separated lights, the 
optical separator being a square pole in shape defined 
by a first sidewall (65a). a second sidewaM (65b). sec- 
ond, third and fourth outer surfaces (66. 67. 68, 69) all 
perpendicular to both the first and second sidewalls. 
characterized in that the optical separator has f rst and 
second inner planes (7a, 7b) both being inclined relative 
to the first outer surface at a predetermined angle, the 
light having been reflected by the object enters the third 
outer surface, is reflected in and passes through the 
optical separator, and is received in a front light-receiv- 
ing section formed on the photodiode chip, the remain- 
ing part of the light Is received in a rear light-receiving 
section formed on the photodiode chip, and the laser 
diode chip is positioned so that an optical length 
between the laser diode chip and the first Inner plane is 
equal to a predetermined length. 
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Description 

[0001] The invention relates to an optical head for recording data into and reproducing data from a medium such as 
a phase-change type optical disc and a photo-electro-magnetic tape, a method of fabricating such an optical head, and 
an apparatus for fabricating such an optical head. 

[0002] Fig. 1 illustrates an optical pickup as an example of a conventional optical head equipped with a micro-prism. 
The illustrated pickup is one having been suggested in Proceedings of the 6th Sony Research Forum. "The optical fea- 
tures of an integrated "Laser Coupler" optical pickup in the CD system". Yoshiyuki Matsumoto et al.. 1 996, pp. 541 -546. 
[0003] A light having been emitted from a laser diode chip 101 is reflected at a first plane 104a of a micro-prism 104 
by half an amount, and the thus reflected light is focused onto an optical disc 106 through a lens 105. A light having 
been reflected at the optical disc 106 advances on the same optical path in an opposite direction, and then, is refracted 
at the first plane 104a to thereby enter the micro-prism 104. 

[0004] The micro-prism 104 includes a second surface 104b having a half -mirror coating in the right half thereof. 
Hence._a light having entered the second surface 104b of the micro-prisnrM04 transmits through the second surface 
104bTn half an^amount, and then, is receiv^ in a front light-receiving secti^^ phdtddiode chip 103. The 

remaining half of a light is reflected at the second surface 104b. and enters a third surface 104c of the micro-prism 104. 
[0005] The second surface 1 04b of the micro-prism has a non-reflective coating applied thereto in the left half. Hence, 
a light having been reflected at the third surface 104c of the micro-prism transmits through the second surface 104b. 
and then, Is received at a rear light-receiving section 103b of the photodiode chip 103. 

[0006] A light emitted from the laser diode chip 101 varies in an amount due to degradation with the lapse of time and 
variation in temperature, even if a constant current is applied to the laser diode chip 101. Hence, a light backwardly 
emitted from the laser diode chip 101 is received a light-receiving section (not illustrated) formed on a sub-mount 102, 
and a signal detected by the light-receiving section is fed back to a current to be applied to the laser diode chip 1 01 , to 
thereby ke^ an amount of light emitted from the laser diode chip 101 constant. 

[0007] As illustrated in Rg. 2. the front light-receiving section 1 03a is comprised of four light-receiving sections 1 03aa. 
103ab, lOSac and 103ad define by three divisional lines extending in a direction from the laser diode chip 101 to the 
micro-jarism 104 (that is. a y-axis direction illustrate in Figs. 1 and 2) in parallel with one another. Similarly, the rear 
light-receiving section 103b is comprised of four light-receiving sections 103ba, 103bb. 103bc and 103bd defined by 
similar three divisional lines. Herein, signals to be detected in the light-receiving sections 103aa to 103bd are r^re- 
sented with S103aa to SlOSbd. respectively. A focus signal FE100 is detected in accordance with the following equa- 
tion. 

FE100 = S103aa - S103ab - SlOSac + Sl03ad - S103ba + S103bb + S103bc - S103bd 

[0008] A track error signal TE1 00 is det^^ in accordance with the following equation. 

TE100 = S103aa + S103ab - S103ac - S103ad - S103ba - S103bb + S103bc -^ S103bd 

[0009] However, the conventional optical head illustrated in Fig. 1 is accompanied with the following problems. 
[001 0] The first problem is that it Is unavoidable for an optica! head to be thick 

[001 1] For instance. Japanese Unexamined Patent Pi&lication No. 6-333290 has suggested such an optical pickup 
as illustrated in Fig. 3. The illustrate optical pickup is designed to include a mirror 107 to reflect a light reflected at the 
first surface 104a, in parallel with the photodiode chip 103. in order to make the optical pickup thinner 
[001 2] However, as long as a light directing from the laser diode chip 1 01 to the lens 1 05 is to be reflected at the first 
surface 104a of the micro-prism 104, the pickup cannot have a thickness smaller than a sum of thicknesses of the min-or 
107, the micro-prism 104. and the photodiode 103. 

[0013] In addition, the optical pickup illustrated in Fig. 3 has to include a second mirror 108 at which a light reflected 
from the min-or 107 is reflected towards the optical disc 106, as well as the first mirror 107. resulting in an increase in 
the number of parts and complexity in a structure. 

[0014] The second problem is that a light can be utilized in an amount only by 25% at greatest. 
[0015] This is because, among a light emitted from the laser diode chip 101 to the lens 105, a light not reflected Ixrt 
refracted at the first surface 104a of the micro-prism 104. and a light having been reflected at the optical disc 106. and 
then, not refracted but reflected at the first surface 104a. are consumed in loss. 

[0016] There may be employed a quarter wavelength plate in order to change polarizing directions in incoming and 
outgoing optical path for increasing a light utilization efficiency. However, a surface having polarization can be formed 
only at a surface through which mediums having almost the same indexes of refraction make contact with each other. 
Hence, it might occur to those skilled in the art that a pillar-shaped micro-prism having a cross-section of a right-angled 
isosceles triangle and having almost the same index of refraction as that of the micro-prism 104 is adhered to the first 
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surface 104a of the micro-prism 104. However, such a structure would be accompanied newly with a problem that a 
focus error signal cannot be detected, because a light having been reflected at the optical disc 106 straightly advances 
without being refracted at the first surface 104a. 
[001 7] The third problem Is poor productivity of the micro-prism 104. 
5 [0018] This is because that the first surface 104a of the micro-prism has to be polished accurately at an angle of 45 
degrees, and further because the second surface 104b has be coated with a half-mirror coating in one half, and with 
non-reflective coating in the other half. 

[0019] The fourth problem is that if a light-emitting point of the laser diode chip 101 at which a light is emitted is shifted 
in a z-axis direction, there will be generated focus offset. This is because a height of the light-emitting point of the laser 

10 diode chip 101 is dependent on a thickness of the sub-mount 102 on which the laser diode chip 101 is mounted. 

[0020] A light reflected at the optical disc 106 is designed to be converged on the third surface 104c of the micro- 
prism, when the optical disc 106 is located on a light-converging point of the lens 105. As illustrated in Fig. 4. if the light- 
emitting point of the laser diode chip 101 Is shifted in a z-axis direction by a distance of "q", there is not generated an 
optical path difference in an incoming path, but there Is generated an optical path difference D in an outgoing path. 

15 defined as the following equation, with respect to an optical path indicated with a solid line and an optical path indicated 
with a broken line. As a result, a light having been reflected at the optical disc 106 is not focused on the third surface 
1 04c of the micro-prism 1 04. 

D = [(2n^-1)^^-nV(n^-1) 

20 

[0021 ] The fifth problem is that the track error signal is likely to be mixed into the focus error signal. 
[0022] This is because it is unavoidable lor an optical pickup to be assembled containing focus offset therein, due to 
limited assembling accuracy. The focus offset is removed by means of a particular drcuit. when an optical pickup is 
incorporated into a drive. However, after all. the optical pickup is assembled in such a manner that a beam spot formed 
25 on the front light-receiving section 103a and a beam spot formed on the rear light-receiving section 103b are different 
in size from each other when the optical disc 106 is located on a light-converging point of the lens 105. 
[0023] The focus error signal FE1 00 is detected in'accordance with the following equation. 

FE100 = S103aa - S103ab - S103ac + SlOSad - SlOSba + S103bb + S103t>c - SlOSbd 

30 

Hence, components of the track en-or signal to be mixed into the focus enror signal FE100 ought to be cancelled. Spe- 
cifically, a component mixed into (S103aa - S103ab) ought to be cancelled with a component mixed into (SlOSbc - 
S103bd), and a conponent mixed into (- S103ac + S103ad) ought to be cancelled with a component mixed into (- 
S103ba + SlOSbb). However, since the optical pickup is assembled in such a manner that a beam spot formed on the 

35 front light-receiving section 103a and a beam spot formed on the rear light-receiving section 103b are cfifferent in size 
from each other when the optical disc 106 is located on a light-converging point of the lens 105. the track error signal 
components to be mixed into the focus error signal are not cancelled, and thus, remain as they are. 
[0024] Apart from the optical head illustrated in Fig. 1, Japanese Unexamined Patent Publication No. 9-73652 has 
suggested an optical pickup including a first beam splitter film, a second beam splitter film which allows p-polarization 

40 components to transmit therethrough by 100%, but reflects s-polarization components by a certain ratio in a direction 
of an optical axis of a ligfit having transmitted through the first beam splitter film, and a quarter wavelength plate con- 
verting the thus reflected light from a linearly polarized light to a circularly polarized light, or vice versa. 
[0025] However, this optical pickup is acconpanied with the same problems as the problems mentioned above with 
respect to the optical head illustrated in Fig. 1. 

45 [0026] Japanese Unexamined Patent Publication No. 6-302044 fias suggested an optical pickup in which a light hav- 
ing emitted from a laser source and having transmitted through a beam splitter film and a polarized beam splitter film of 
an optical block is radiated onto a recording surface of a photo-electro-magnetic disc through a complicated rotatory 
polarization plate and an objective lens, and a reflected light is introduced into the optical block through the complicated 
rotatory polarization plate. The light is detected by means of a photodetector in the optical block. 

50 [0027] However, this optical pickup is accompanied with the following problems. 

[0028] In the optical pickup, the complicated rotatory polarization plate is designed to have 45 degrees of a rotatory 
polarization angle for detecting photo-electro-magnetic signals. However, this results in that a ratio of an amount of a 
light entering a first photodetector to an amount of a light entering a second photodetector is 20:3, and resuttingly. a 
focus error signal can no longer be detected. 

55 [0029] Even if it is given up to detect a photo-electro-magnetic signal, and the conplicated rotatory polarization plate 
is designed to have such a rotatory polarization angle that s-polarization components are 1 3% and p-polarization com- 
ponents are 87%, in order to detect a focus error signal, a light utilization efficiency of the optical pickup is about 22% 
at greatest. This means that it is not worth while utilizing polarization. Utilization of polarization causes extra costs for 
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pr^aring a part or parts for utilizing polarization, and makes it extremely difficult to r^roduce data from an optical disc 
having birefringence. Hence, the optical pickup is not allowed to put Into practice, considering the fact that a light utili- 
zation efficiency is low, specifically, about 22%, in spite of utilization of polarization. 

[0030] Japanese Unexamined Patent Publication No. 8-7325 has suggested an optical head in which a light beam 
5 emitted from a semiconductor laser is reflected a plurality of times in first and second prisms, and then, is introduced to 
an objective lens through which the light beam is focused onto a recording surface of an optical disc. The reflected light 
is divided into two portions one of which is utilized for servo operation in focusing and tracking, and the other is utilized 
for detecting a photo-electro-magnetic signal. 

[0031] Japanese Unexamined Patent Publication No. 8-36781 has suggested an optical head including a prism 
10 formed with a first inclined surface having a half-mirror function and a second Inclined surface allowing a light to transmit 
therethrough. A light reflected from an optical disc is divided into a plurality of portions through a polarized light splitter 
and a planar prism. The thus divided portions of a light have different polarization directions. These portions of a light 
are focused onto a light-receiving region formed on a substrate to ther^y detect data of the optical disc. At the same 
time, a focus error signal is detected by virtue of astigmatism which is generated when the portions of a light transmits 
15 through the planar prism. ^ 

[0032] In view of the above-mentioned problems of the conventional optical heads, it is an object of the present inven- 
tion to provide an optical head which is capable of being fabricated thinner, enhancing a light utilization efficiency and 
preventing a track error signal from mixing into a focus error signal. 

[0033] ft is also an object of the present invention to provide a method of and an apparatus for fabricating such an 
20 optical disc. 

[0034] In one aspect of the present invention, there is provided an optical head including (a) a laser diode chip, (b) a 
lens for focusing lights emitt^ from the laser diode cfiip, onto an object, (c) an optical s^rator for s^arating lights 
reflected from the object, from an optical axis of a light directing towards the lens from the laser diode chip, and (d) a 
photodicde chip receiving lights having been separated from the optical axis by the optical separator, the optical sepa- 

25 rator being a square pole in shape define by a first sidewall. a second sidewall In parallel with the first side wall, and 
first, second, third and fourth outer surfaces all perpendicular to both the first and second stdewalls. the first and third 
outer surfaces being in parallel with each other, characterized In that the optical separator has first and second inner 
planes both perpendicular to the first and second sidewalls and in parallel with each other, and both being inclined rel- 
ative to the first outer surface at a predetermined angle, the photodiode chip has a light-receiving plane in parallel with 

30 the second outer surface, a light directing towards the lens from the laser diode chip enters the first outer surface, 
passes through the first and second inner planes in this order, leaves the optical separator at the third outer surface, 
ard is focused onto the object by the lens, the light liaving been reflected by the object enters tfie third outer surface, is 
reflected in the optical separator, passes through the optical s^rator, arrf Is r^eived in a front light-receiving section 
formed on the light-receiving plane of the photodiode chip, the remaining part of the light is received in a rear llght- 

35 receiving section formed on the light-receiving plane of the pfiotodiode chip, and the laser diode chip Is positioned so 
that an optical length between the laser diode chip and the first inner plane is equal to a predetermined length defined 
by "a" indicates an optical length between tie first Inner plane and the rear light-r^eiving section, "b" indicates an opti- 
cal length between the second inner plane and the front light-receiving section, and "c" Indicates an optical length 
between the first and second inner planes. 

40 [0035] It is preferable that the light having been reflected by the object, enters the third outer surface, passes through 
the second inner plane by half, and is reflect«l at the second inner plane by the remaining half, the light having been 
reflected at the second inner plane leaves the optical separator at the second outer surface, and is received in the front 
light-receiving section, the light having pass^ through the second inner plane is reflected at the first inner plane, leaves 
the optical separator at the second outer surface, and Is received in the rear liglit-receiving section, and the optical 

45 length between the laser diode chip and the first Inner plane is equal to (a + b - c)/2 . 

[0036] It is preferable that the optical separator further includes a third inner plane in parallel wrth the first and second 
inner planes, a light directing towards the lens from the laser diode chip enters the first outer surface, passes through 
the first, second and third Inner planes in this order, leaves the optical separator at the third outer surface, and is 
focused onto the object by the lens, the lighit having been reflected by the object enters the third outer surface, is 

so reflected at the third inner plane by a% (0 < a < 100), and passes through the third inner plane by (100 - a)%. the light 
having been reflected at the third inner plane leaves the optical separator at the second outer surface, and is received 
in an additional light-receiving section fonmed on the light-receiving plane of the photodiode chip, the light having 
passed the third inner plane is reflected at the second inner plane by half, and passes through the second inner plane 
by the remaining half, the light having been reflected at the second inner plane leaves the optical separator at the sec- 

55 ond outer surface, and is received in the front light-receiving section, the light having passed through the second inner 
plane is reflected at the first Inner plane, leaves the optical separator at the second outer surface, and is received in the 
rear light-receiving section, and the optical length t>etween the laser diode chip and the first inner plane is equal to 
(a + b - c)/2 . 
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[0037] It is preferable that the optical head further including a diffraction device, and that a light directing towards the 
lens from the laser diode chip, enters the first outer surface, passes through the first and second inner planes in this 
order, leaves the optical separator at the third outer surface, passes through the diffraction device, and is focused onto 
the object by the lens, the light having been reflected by the object is separated into a transmitted light and a diffracted 

5 light by the diffraction device, enters the third outer surface, passes through the second inner plane by half, and is 
reflected at the second inner plane by the remaining half, the light having been reflected at the second inner plane 
leaves the optical separator at the second outer surface, and is received in the front light-receiving section, the light hav- 
ing passed through the second inner plane is reflected at the first inner plane, leaves the optical separator at the second 
outer surface, and is received in the rear light-receiving section, a track error signal indicative of an error of a track is 

10 detected from the diffracted light, and the optical length tjetween the laser diode chip and the first inner plane is equal 
to (a + b - c)/2 . 

[0038] It is preferable that a light directing towards the lens from the laser diode chip enters the first outer surface, 
passes through the first inner plane, leaves the optical separator at the third outer surface, and is focused onto the 
object by the lens, the light having been reflected by the object enters the third outer surface, is reflected at the first inner 

15 plane, passes through the second inner plane by half, and is reflected at the second inner plane by the remaining half, 
the light having passed through the second inner plane leaves the optical separator at the second outer surface, and is 
received in the front light-receiving section, the light having been reflected at the second inner plane is reflected at the 
first inner plane, leaves the optical separator at the second outer surface, and is received in the rear light-receiving sec- 
tion, and the optical length between the laser diode chip and the first inner plane is equal to (a + b + 3c)/2 . 

20 [0039] H is preferable that the light having l>een reflected by the object enters the third outer surface, passes through 
the second inner plane by half, and is reflected at the second inner plan© by the remaining half, the light having been 
reflected at the secorKi inner plan© leaves the optical separator at the s©cond outer surface, and is received in an addi- 
tional light-receiving section formed on the light-receiving plane of the photodiode chip, the light having passing through 
the second inner plane Is reflected at the first inner plane, enters the second inner plane again, passing through the sec- 

25 ond inner plane by half, and is reflected at the second Inner plane by the remaining half, the light having passed through 
the second inner plane leaves the optical separator at the second outer surface, and Is received In the front light-receiv- 
ing section, the light having been reflected at the second Inner plane Is reflected at the first inner plane, leaves the opti- 
cal separator at the second outer surface, and is received in the rear light-receiving section, and the optical length 
between the laser diode chip and the first inner plane is equal to (a + b 3c)/2 . 

30 [0040] It is preferable that the optical head further includes a diffraction device, and that a light directing towards the 
lens from the laser diode chip enters the first outer surface, passes through the first Inner plane, leaves the optical sep- 
arator at the third outer surface, passes through the diffraction device and Is focused onto the object by the lens, the 
light having been reflected by the object is separated Into a transmitted light and a diffracted light by the diffraction 
device, enters the thircl outer surface. Is reflected at the first inner plane, passes through the second inner plane by half. 

35 and is reflected at the second inner plane by the remaining half, the light having passed the second inner plane leaves 
the optical separator at the second outer surface, and Is received in tiie front light-receiving section, the light having 
been reflected at the second inner plane is reflected at the first inner plane, leaves the optical separator at the second 
outer surface, and is received in the rear light-receiving section, a track error signal indicative of an error of a track is 
detected from the diffracted light and the optical length between the laser diode chip and the first inner plane is equal 

40 to (a + b + 3c)/2 . 

[0041] ft is preferable that a light directing towards the lens from the laser diode chip enters the first outer surface, 
passes through the first inner plane by (ICQ - y)% (0 < y < 100). leaves the optical separator at the third outer surface, 
and is focused onto tfie object by the lens, the light having been reflected by the object enters the tiiird outer surface, is 
r^lected at the first Inner plane by 7%. passes through the second inner plane by lOOy/Cy + 100)%, and is reflected at 

45 the second inner plane by 10000/(y -1- 100)%. the light having passed through the second inner plane leaves the optical 
separator at the second outer surface, and is received in the front light-receiving section, the light having been reflected 
at the second inner plane is reflected at the first inner plane by y%. leaves the optical separator at the second outer sur- 
face, and is received in the rear light-receiving section, and the optical length between the laser diode chip and the first 
inner plane is equal to (a + b + 3c)/2 . 

so [0042] In another aspect of the present invention, there is provided a method of fabricating an optical separator to be 
used in an optical head, the optical head connprising (a) a laser diode chip, (b) a lens for focusing lights emitted from 
the laser diode chip, onto an object, (c) an optical separator for separating lights reflected from the object, from an opti- 
cal axis of a light directing towards the lens from the laser diode chip, and (d) a photodiode chip receiving lights having 
been separated from the optical axis by tiie optical separator, the optical separator being a square pole in shape defined 

55 by a first sidewall, a second sidewall in parallel with the first side wall, and first, second, tiiird and fourth outer surfaces 
all perpendicular to botin tine first and second sidewalls. tiie first and third outer surfaces being in parallel witii each 
other, tiie optical separator having first and second inner planes both perpendicular to tiie first and second sidewalls 
and in parallel with each other, and botii being inclined relative to the second outer surface at a predetermined angle. 
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the photodiode chip having a light-receiving plane in parallel with the second outer surface, the method comprising the 
steps of (a) depositing glass plates one on another, each of the glass plates having a coating on a surface thereof, (b) 
cutting the thus deposited glass plates, (c) optically polishing a cutting surface at which the deposited glass plates have 
been cut, (d) cutting the glass plates at a predetermined angle relative to the cutting surface, and (e) dicing the thus cut 
5 glass plates into chips. 

[0Q43] In still another aspect of the present invention, there is provide an apparatus for fabricating an optical head, 
including (a) a microscope, (b) a beam splitter for splitting images having passed through the microscope, into at least 
two images, (c) a first charge coupled device located at the rear of an image point of the microscope by a distance of 
X c/2 for detecting one of the images split by the beam splitter, wherein "M" indicates a magnification of the micro- 
10 scope, and "c" indicates an optical length between the first and second inner planes, and (d) a second charge coupled 
device located in front of an image point of the microscope by a distance of x c/2 for detecting the other of the 
images split by the beam splitter. 

BRIEF DESCRIPTIQM^OF THE DRAWINGS 

15 

[0044] 

Fig. 1 is a side view Illustrating a conventional optical head. 

Fig. 2 is a top plan view of a photodiode chip constituting the optical head illustrated in Fig. 1 . 
20 Fig. 3 is a cross-sectional view illustrating another conventional optical head. 

Ftg. 4 is a side view of a micro-prism constituting the optical head illustrated in Fig. 3. 

Fig. 5A is a side view illustrating an optical head in accordance with the first en^X)diment of the present invention. 
Fig. 5B is a top pian view of the optical head illustrated in Rg. 5A. 

Rg. 6 is a top plan view illustrating a photodiode chip constituting the optical head illustrat«i in Figs. 5A and 5B. 
25 Rgs. 7A. 7B. 7C and 7D are persp«:tive views of an optical head, illustrating respective steps in a method of fab- 
ricating an optical head. 

Rg. 8 is a top plan view illustrating a photodiode chip constituting an optical head in accordance with the second 
embodiment of the present invention. 

Rg. 9 is a top pian view illustrating a photodiode chip constituting an optical head in accordance with the third 
30 embodiment of the present invention. 

Fig. 1 0A is a side view illustrating an optical head in accordance with the fourth embodiment of the present inven- 
tion. 

Rg. 1 06 is a top plan view of the optical head illustrated in Fig. 1 0A. 

Rg. 1 lis a top plan view illustrating a photodiode chip constituting the optical head illustrated in Figs. 1 0A and 1 0B. 
35 Rg. 12 is a top plan view illustrating a photodiode chip constituting an optica! head in accordance with the fifth 
entoJdiment of tiie present invention. 

Rg. 13 is a top plan view illustrating a photodiode chip constituting an optical head in accordance with the sixth 
embodiment of the present invention. 

Rg. 14 is a top plan view illustrating a photodiode chip constituting an optical head in accordance with the seventh 
40 embodiment of the present invention. 

Rg. 15A is a side view illustrating an optical head in accordance with the eighth emtxKliment of the present inven- 
tion. 

Rg. 158 is a top plan view of the optical head illustrated in Fig. 15 A. 

Rg. 16 is a right side view of a two-divisional grating constituting the optical head illustrated in Figs. 15A and 15B. 
45 Rg. 1 7 is a top plan view illustrating a photodiode chip constituting the optical head illustrated in Figs. 1 5A and 1 SB. 
Rg. 18 is a top plan view illustrating a photodiode chip constituting an optical head in accordance with tiie nintii 
embodiment of the present invention. 

Rg. 19 is a right side view of a four-divisional grating constituting an optical head in accordance with the tenth 
embodiment of the present invention. 
so Fig. 20 is a top plan view illistrating a photodiode chip constituting an optical head in accordance with the tenth 

embodiment of the present invention. 

Rg. 21 A is a side view illustrating an optical head in accordance witii the eleventh embodiment of the present inven- 
tion. 

Rg. 218 is a top plan view of the optical head illustrated in Fig. 21 A. 
55 Rg. 22 is a top plan view illustrating a photodiode chip constituting an optical head in accordance with the eleventh 
embodiment of the present invention. 

Rg. 23A is a side view illustrating an optical head in accordance with the twelfth emtxidiment of the present inven- 
tion. 
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Fig. 23B is a top plan view of the optical head illustrated in Fig. 23A. 

Fig. 24 is a top plan view illustrating a photodiode chip constituting the optical head illustrated in Figs. 23A and 23B. 
Fig. 25A is a side view illustrating an optical head in accordance with the thirteenth embodiment of the present 
invention. 

5 Fig. 25B is a top plan view of the optical head illustrated in Fig. 25A. 

Fig. 26 is a right side view of a two<livisional grating constituting the optical head illustrated in Figs. 25A and 25B. 
Fig. 27 is a top plan view illustrating a photodiode chip constituting the optical head illustrated in Figs. 25A and 25B. 
Fig. 28 is a right side view of a two-divisional grating constituting an optical head in accordance with the fourteenth 
embodiment of the present invention. 

10 Fig. 29 is a top plan view illustrating a photodiode chip constituting an optical head in accordance with the four- 
teenth embodiment of the present invention. 

Fig. 30 is a top plan view illustrating a photodiode chip constituting an optical head in accordance with the fifteenth 
embodiment of the present invention. 

Fig. 31 A is a side view illustrating an optical head in accordance with the sixteenth embodiment of the present 
15 invention. 

Fig. 31 B is a top plan view of the optical head illustrated in Fig. 31 A. 

Fig. 32 is a side view illustrating an optical head in accordance with the seventeenth embodiment of the present 
invention. 

Fig. 33A is a side view illustrating an optical head in accordance with the eighteenth embodiment of the present 
20 invention. 

Fig. 33B is a top plan view of the optical head illustrated in Fig. 33A. 

Fig. 34A is a side view illustrating an optical head in accordance with the nineteenth embodiment of the present 
invention. 

Fig. 34B is a top plan view of the optical head illustrated in Fig. 34A. 
25 Fig. 35 is a top plan view illustrating a photodiode chip constituting the optical head illustrated in Figs. 34A and 34B: 
Fig. 36 is a top plan view illustrating a photodiode chip constituting an optical head in accordance with the twentieth 
embodiment of the present invention. 

Fig. 37A illustrates a waveform of a focus error signal detected in the optical head in accordance with the third 
embodiment. 

30 Fig. 37B illustrates a waveform of a focus error signal detected in the optical head in accordance with the twentieth 
emtxxiiment. 

Fig. 38 is a schematic view aiustrating an apparatus for fabricating an optical head, in accordance with the twenty- 
first embodiment of the present invention. 

Fig. 39 illustrates where images are focused in the apparatus illustrated in Fig. 38. 
35 Fig. 40 is a schematic view illustrating an apparatus for fabricating an optical head, in accordance with the twenty- 
second embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

40 [Rrst Embodiment] 

[0045] Figs. 5A and 58 illustrate an optical head in accordance with the first embodiment of the present invention. 
[0046] An optical head in accordance with the first embodim^ is comprised of a laser diode chip 1 , a sub-mount 3 
on which the laser diode chip 1 is mounted and which keeps the laser diode chip 1 at a predetermined height, a lens 

45 (not Illustrated) for focusing a light emitted from the laser diode chip 1 , onto a medium (not illustrated), an optical sepa- 
rator or prism 7 for separating a light reflected from the medium, from an optical axis of a light directing to the lens from 
the laser diode chip 1 , a photodiode chip 6 receiving a light separated from the optical axis by means of the prism 7. 
and a quarter wavelength plate 7c mounted on the photodiode chip 6 integrally with th6 prism 7. 
[0047] The optical separator or prism 7 is a square pole in shape defined by a first sidewall 65a and a second sidewall 

so 65b in parallel with each other, and first, second, third and fourth outer surfaces 66, 67, 68 and 69 all perpendicular to 
both tiie first and second sidewalls 65a and 65b. The first and third outer surfaces 66 and 68 are in parallel with each 
other 

[0048] The prism 7 is designed to have first and second inner planes 7a and 7b both perpendicular to the first and 
second sidewalls 65a and 65b. in parallel with each other, and both inclined relative to the first outer surface 66 at a 
55 predetermined angle 6. 

[0049] The quarter wavelength plate 7c converts a light having passed through the third outer surface 68 of the prism 
7 to a circularly polarized light from a linearly polarized light, and also converts a light having been reflected from the 
medium from a circularly polarized light to a linearly polarized light having an orientation perper»dicular to an original 
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orientation. 

[0050] The photodiode chip 6 has a light-receiving plane 61 in parallel with the second outer surface 67, As illustrated 
in Fig. 6. a front light-receiving section 80 and a rear light-receiving section 81 are formed on the light-receiving plane 
61. 

5 [0051] With reference to Fig. 6. a light having been reflected at the first inner plane 7a fbrnris a first beam spot 8a, and 
a light having been reflects at the second inner plane 7b forms a second beam spot 8b both on the photodiode chip 
6. The front and rear light-receiving sections 80 and 81 are associated with the second and first beam spots 8b and 8a, 
respectively. 

[0052] The front light-receiving section 80 is comprised of six light-receiving sections 6g, 6h. 6i, 6j, 6k and 61 defined 
10 by a first front division line 6n parallel to an optically tangential direction of the medium, and second and third front divi- 
sion lines 6o and 6p both para\\e\ to an optically radial direction of the m«Jium. 

[0053] Similarly, the rear light-receiving section 81 is comprised of six light-receiving sections 6a, 6b, 6c, 6d, 6e and 
6f defined by a first rear division line 6m parallel to an optically tangential direction of the medium, and second and third 
rear division li nes 6q and 6r both paral lel to an optically radial dire ction of the medium. 

15 [0054] The laser diode chip 1 Is positioned so that an optical length between the laser diode chip 1 and the first inner 
plane 7a is equal to (a + b - c)/2 wherein "a" indicates an optical length between the first inner plane 7a and the rear 
light-receiving section 81 , "b" indicates an optical length between the second inner plane 7b and the front light-receiving 
section 80. and "c" indicates an optical length between the first and second inner planes 7a and 7b. 
[0055] The optical head in accordance with the first embodiment operates as follows. 

20 [0056] A light emitted from the laser diode chip 1 and polarized in a y-axis direction enters the prism 7 through the 
first outer surface 66 so that an optical axis thereof is perpendicular to the first outer surface 66. Then, the light transmits 
through the first and second inner plane 7a and 7b in this order, and leaves the prism 7 at the third outer surface 68 with 
an optical axis thereof beir^g perpendicular to the third outer surface 68. The light having left the prism 7 is converted 
into a circularly polariz^j light in the quarter wavelength plate 7c, arKl then, is focused onto the medium through the 

25 lens (not illustrate). 

[0057] The light having been reflected by the medium advances on the same optical path in an opposite direction, 
and is converted by the quarter wavelength plate 7c into a light polarized in a direction perpendicular to an original 
direction, that is. in an x-axis direction. Then, the light enters the prism 7 at the third outer surface 68 with an optical axis 
thereof being perpendicular to the third outer surface 68. 

30 [0058] The light having entered the prism 7 is reflected at the second inner plane 7b by half in an amount, and the 
remaining half passes through the second inner plane 7b. The light having t>een reflected at the second inner plane 7b 
leaves the prism 7 at the second outer surface 67, and is received in the front light-receiving section 80 formed on the 
light-receiving plane 61 of the photodiode chip 6. The light having pass^ through the second inner plane 7b is refined 
at the first inner plane 7a, and leaves the prism 7 at the second outer surface 67. Then, the light is received in the rear 

35 light-receiving section 81 formed on the light-receiving plane 61 of the photodiode chip 6. 

[0059] An additional light-receiving section may be formed on the sub-mount 3. The formation off an additional light- 
receiving section prevents variation in an amount of a light enrntt^ from the laser diode chip 1 which variation is caus^ 
by degr^tion occun^ing with the lapse of time, or by tenperature variation. 

[OOSO] It is not always necessary to form the quarter wavelength plate 7c integrally with the prism 7. The quarter wave- 
40 length plate 7c may be position^ at any place intermediate between the prism 7 and the m^ium. 

[OOSt] A focus enror signal FE1 is obtain^ by a ^t-size process in accordance with the following equation, based 
on signals S6a to S6I detected at the light-r^eiving sections 6a to 61 constituting the front and rear light-receiving sec- 
tions 80 and 81 formed on the light-receiving plane 61 of the photodiode chip 6. 

45 FE1 = (S6a + S6c + S6k) - (S6b + S6j + S6I) + (S6d + S6f + S6h) - (S6e + S6g -^ S6i) 

[0082] A track error signal TE1 is obtained by a push-pull process in accordance with the following equation. 

TE1 = (S6a + S6c + S6k) + (S6b + S6j + S61) - (S6d + S6f + S6h) - (S6e + S6g + S6i) 

so 

[0083] A signal indicative of data to be reproduce can be obtained as a sum of the signals S6a to S6L 
[0084] The laser diode chip 1 and the photodiode chip 6 are fixedly installed in such a position that the first beam spot 
8a is uniformly divided by the first rear division line 6m partitioning the light-receiving sections 6a, 6b and 6c from the 
light-receiving sections 6d. 6e and 6f, and that the second beam spot 8b is uniformly divided by the first front division 
55 line 6n partitioning the light-receiving sections 6g. 6h and 6i from the light-receiving sectioris 6j. 6k and 61. 

[0085] However, the first and second beam spots 8a and 8b deviate in an x-axis dir^tion, if the laser diode chp 1 and 
the photodiode chip 6 are assenr^led containing assembling error therein. In accordance with the first embodiment, 
even if such assembling error exists in the laser diode chip 1 and the photodiode chip 6. - (S6g + S6h + S6i) + (S6j + 
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S6k + S6I) is decreased (or increased) to a degree to which (S6a + S6b + S6c) - (S6d + S6e + S6f) is increased (or 
decreased). Hence, they are cancelled with each other, ensuring no track offset. 

[0066] When a focus error signal is to be detected by a spot-size process, a size of a beam spot formed on the pho- 
todiode chip 6 varies to a greater degree relative to a deviation of the medium in an optical axis direction, as an optical 

5 length between front and rear light-converging points of the photodiode chip 6 positioned so that the medium Is located 
on a light-converging point of the lens, and the photodiode chip 6 is set shorter. Herein, considering the facts that a ratio 
of variation in a size of a beam spot has a refation with sensitivity of a focus error signal, and that an optical length 
between the light-converging point and the photodiode chip is equal to a half of a distance between the first and second 
inner plan^ 7a and 7b, it is understood that a shorter distance between the first and second inner plane 7a and 7b 

10 ensures a focus error signal, to have greater sensitivity. 

[0067] Even if a distance between the first and second inner planes 7a and 7b is intended to narrow in order to prevent 
a light having been reflected at the first inner plane 7a from being reflected again at the second inner plane 7b. there is 
a limitation in doing so. However, a distance between the first and second inner planes 7a and 7b can be narrowed to 
an intended degree, for instance, by placing a base between the prism 7 and the photodiode chip 6 with a gap therebe- 

75 tween. 

[0068] In accordance with the first embodiment, since a light emitted from the laser diode 1 transmits through the 
prism 7. an optical head can be designed to have a reduced thickness equal to a sum of thicknesses of the prism 7 and 
the photodiode chip 6, 

[0069] In addition, the first embodiment ensures no optica! loss in the prism 7. 
20 [0070] In accordance with the first embodiment, since the focus en-or signal FE1 is detected in the form of variation 
in a size of the first and second beam spots 8a and 8b in a z-axis direction, and the track error signal component is 
detected in the form of variation in an amount of a light of the first and second beam spots 8a and 8b in an x-axis direc- 
tion, the track error signal component is unlikely to b>e mixed into the focus error signal FE1 . 

[0071 ] As the lens to be used in the first emtjodiment. there may be used a single finite lens or a combination of a 
25 collimate lens and an objective lens. The combina^n may include a beam splitter located between the collimate lens 
and the objective lens for separating a light directii^ to the medium from the laser diode chip 1, or a light directing to 
the photodiode chip 6 from the medium. This ensures these lights to be parallel lights in the case that the medium is 
located on a light-converging point of the objective lens. Hence, these lights coukJ be readily dealt with. 
[0072] The medium mentioned in the first embodiment includes an optical disc, an optical tape, and the like, and is 
30 composed of phase-change material or photo-electro-magnetic material, for instance. 

[0073] A method of fabricating the prism 7 is explained hereinbelow with reference to Figs. 7A to 7D. 
[0074] Hereinbelow an angle formed between the first inner plane 7a and the first outer surface 66 is indicated as 6. 
an angle formed between the first inner plane 7a and the photodiode chip 6 is indicated as n, and an angle formed 
between the fourth outer surface 69 and the third outer surface 68 is indicated as 
35 [0075] First as illustrated in Fig. 7A. a plurality of first glass plates 82 and a plurality of second glass plates 83 are 
alternately adhered by means of an adhesive. Each of the first glass plates 82 is coated with a coating A having char- 
acteristics shown in Table 1 , and each of the second glass plates 83 is coated with a coating B having characteristics 
shown in Tattle 2. 

40 

Table 1] 



Characteristics of Coating A 


Direction of polarization 


Transmissivity 


Reflectivity 


of incident light 






p-polarization 


100% 


0 


s-polarization 


0 


100% 



so 
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[Table 2] 



Characteristics of Coating B 


Direction of polarization 


Transmissivity 


Reflectivity 


of incident light 






p-po!arization 


100% 


0 


s-polarlzation 


50% 


50% 



[0076] Then, as illustrated in Fig. 7B. a resultant deposited structure 9 of the glass plates is cut into a plurality of slices 

10 (see Fig. 7C) at an angle of (e + n - 90*" ) relative to a horizontal direction. 

[0077] _ Then, as illustratedjn Fig. 7C,^ach_of Jhe sHces 10 is opticajly polished at cutting surfaces 10a and 10b 
15 thereof. Then, each of the slices 10 is cut at angles of r\ and ^ relative to the cutting surface 1 6a to thereby obtain a bar- 
shaped prism 1 1 . 

[0078] Then, a bar-shap^ quarter wavelength plate 1 2 is adhered to the prism 11 . as illustrated in Fig. 7D. The prism 

1 1 with the quarter wavelength plate 12 is diced into chips. 

[0079] The method as mentioned above with reference to Figs. 7A to 7D enables mass-production of the optical head. 
20 and enhances productivity. Though not illustrated, a bar-shaped photcdicde n^y be adhered to the bar-shaped prism 
1 1 prior to the dicing of the prism 1 1. By dicing the prism 1 1 to which the bar-shaped pholodiode is adhered, there is 
obtained enhanced productivity. 

[0(^0] Cutting surfaces 11a and 1 lb of the prism 1 1 are optically polished before the slice 10 is diced into chips. How- 
ever, cutting surfaces 1 1 c and 1 1 d of the prism 1 1 cannot be optically polished, b^use the bar-shap«l prism 1 1 is too 
25 small in size to optically polish. Hence, the surfaces 11c and 1 1d remain like ground glass. However, the prism 1 1 is 
adhere to the photodiode chip 6 through the surface 1 1 c by means of transparent adhesive, irregularity at the surface 
1 1c is planarized with an adhesive, ensuring no scattering and aberration. 

[0(^1] In the method illustrated in Figs. 7A to 7D. the angle 0 may be set equal to 45 degrees and the angle ti may 
be set equal to 90 degrees, in which case, even rf the sub-nrtount 3 would have a thickness different from a designed 
30 thickness, and accordingly, a light-emitting point of the laser diode chip 1 is deviated relative to the photodiode chip 6 
in a y-axis direction, a relative positional relation in a direction of an optical axis between the laser diode chip 1 and the 
photodiode chip 6 remains unchanged, ensuring that there is not generated focus offset caused by the deviation in the 
light-emitting point of the laser diode chip 1 . 

[0(^2] Only one row of the bar-shaped prism 1 1 can be cut out off the slice 10 illustrated in Fig. 7C. However, if the 
35 angles and / are set equal to each other (t^ = / ), a plurality of rows of the bar-shaped prisms 1 1 can be cut out. which 
would ensure no loss in material and cost. 

[Second EmE^odiment] 

40 [0033] An optical head in accordance with the second embodiment has almost the same structure as the structure of 
the optical head in accordance with the first embodiment, but is different only in that the photodiode chip 6 is rq^laced 
with a photodiode chip 14. Fig. 8 is a plan view of the (irfiotodiode chip 14. 

[Om] As illustrated in Fig. 8, a front light-receiving section 84 and a rear light-r«;eiving section 85 are formal on a 
light-receiving plane of the photodiode chip 14. 
45 [0GS5] With reference to Fig. 8. a light having been reflected at the first inner plane 7a forms a first beam spot 8a. and 
a light having been reflected at the second inner plane 7b forms a second beam spot 8b both on the photodiode chip 
1 4. The front and rear light-receiving sections 84 and 85 are formed in association with the second and first beam spots 
8b and 8a, respectively 

[0086] The front light-receiving section 84 is conprised of eight light-receiving sections 14i, 14j, 14k, 141. 14m. 14n. 

so 1 4o, and 1 4p defined by a first front division line 1 4r parallel to an optically tangential direction of the medium, and sec- 
ond', third and fourth front division lines 14s. 14t and 14u all parallel to an optically radial direction of the medium. 
[0(»71 Similarly the rear light-receiving section 85 is comprised of ^ght light-receiving sections 14a. 14b, 14d. 14d. 
14e. 14f. 14g. and 14h defined by a first rear division line 14q parallel to an optically tangential direction of the medium, 
and second, third and fourth rear division lines 1 4v 1 4w and 1 4x all parallel to an optically radial direction of the medium. 

55 [0(»8] A focus error signal FE2 is obtained by a spot-size process in accordance with the following equation, based 
on signals SI 4a to SI 4p delected at the light-receiving sections 14a to 14p constituting the front and rear light-receiving 
sections 84 and 85 formed on the light-receiving plane 61 of the photodiode chip 6. 
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FE2 = (S14a + S140) - (S14b + S14p) - (S14c + S14m) + (S14d + S14n) + 
(Sl4e + S14k) - (S14f + S14I) - (S14g + S14i) + (S14h + S14j) 

[00891 A track error signal TE2 is obtained by a push-pull process in accordance with the following equation. 

TE2 = (S14a + S140) + (S14b + S14p) + (S14c + S14m) + (S14d + S14n) - 
(S14e + SI 4k) - (S14f + 8141) - (S14g + S14i) - (S14h + S14j) 

[0090] A track error signal TE3 is obtained by a phase difference process as follows. 

TE3 = Phase difference between (SI 4a + S14o) + (S14b + 81 4p) + (S14g 
+ 81 4i) + (S14h + 81 4j) and (814c + 81 4m) - {S14d + S14n) + (S14e + 81 4k) + (81 4f + 8141) 

[0091 1 A signal indicative of data to be reproduced can be obtained as a sum of the signals SI 4a to S1 4p. 
[0092] The laser diode chip 1 and the photodiode chip 14 are fixedly Installed in such a position that the first beam 
spot 8a is uniformly divided by the first rear division line 14q partitioning the light-receiving sections 14a. 14b, 14c and 
14d from the light-receiving sections 14e. 14f. 14g and 14h, and that the second beam spot 8b is uniformly divided by 
the first front division line 14r partitioning the light-receiving sections 141. 14j, 14k and 141 from the light-receiving sec- 
tions 14m, 14n, 14oand 14p. 

[0093] However, the first and second beam spots 8a and 8b deviate in an x-axIs direction, if the laser diode chip 1 and 
the photodiode chip 14 are assembled containing assembling error therein. In accordance with the second embodi- 
ment, e/en if such assembling error exists In the laser diode chip 1 and the photodiode chip 14, - (81 4i + Sl4j + 81 4k 
+ 8141) + (S14m + S14n + S14o + S14p) Is decreased (or Increased) to a degree to which (81 4a + 81 4b + 81 4c + 81 4d) 
• (S14e + S14f + S14g + 814h) is increased (or decreased). Hence, they are cancelled with each other, ensuring no 
track offset in a push-pull process. 

[0094] In accordance with the second embodiment, the laser diode chip 1 emits a light in parallel to the photodiode 
chip 14, an optical head can be designed to have a reduced thickness equal to a sum of thicknesses of the prism 7 and 
the photodiode chip 1 4. 

[0095] In addition, the second embodiment ensures no optical loss in the prism 7. 

[0096] In accordance with the second embodiment since the focus error signal FE2 is detected in the form of variation 
In a size of the first and second beam spots 8a and 8b in a z-axis direction, and the track error signal component Is. 
detected In the form of variation in an amount of a light of the first and second beam spots 8a and 8b in an x-axis direc- 
tion, the track en-or signal component Is unlikely to be mixed into the focus error signal FE2. 

[Third Embodiment] 

[0097] An optical head in accordance with the third embodiment has almost the same structure as the structure of the 
optical head in accordance with the first embodiment, but is different only in that the photodiode chip 6 is replaced with 
a photodiode chip 15. Fig. 9 is a plan view of the photodiode ch^ 15. 

[0098] With reference to Fig. 9. a light having been reflected at the first inner plane 7a forms a first beam spot 8a, and 
a light having been reflected at the second inner plane 7b forms a second beam spot 8b tx)th on the photodiode chip 
1 5. Front and rear light-receiving sections 86 and 87 are formed In association with the second and first beam spots 8b 
and 8a. respectively 

[0099] The front light-receiving section 86 is conriprised of first to sixth light-receiving sections 151. 15g, 15j, 15k. 15h 
and 15i defined by a first front division line 15n parallel to an optically tangential direction of the medium, and second, 
third and fourth front division lines 15o, 15p and 15q all parallel to an optically radial direction of the medium. 
[0100] The first, fourth and third light-receiving sections 151, 15k and 15j are located at a right side of the first front 
division line 1 5n, and the sixth, fifth and second light-receiving sections 1 5i. 1 5h and 1 5g are located at a left side of the 
first front division line 15n- The first, fifth and sixth light-receiving sections 151, 15h and 151 are located at a left side of 
the second front division line 15o. and the third, fourth and second light-receiving sections 1 5j. 1 5k and 1 5g are located 
at a right side of the second front division line 15o. 

[0101] A light having been reflected at the second outer surface 7b and having left the prism 7 at the second outer 
surface 72 passes an intersection between the first front division line I5n and the second front division line 15o. 
[01 02] Similarly, the rear light-receiving section 87 is comprised of seventh to twelfth light-receiving sections 1 5d. 1 5c, 
I5e. 15f. 15a and 15b defined by a first rear division line 15m parallel to an optically tangential direction of the medium, 
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and second, third and fourth rear division lines 1 5r. 1 5s and 1 5t all parallel to an optically radial direction of the medium. 
[0103] The ninth, tenth and seventh light-receiving sections 15e. 15f and 15d are located at a right side of the first 
rear division line 15m. and the eighth, eleventh and twelfth light-receiving sections 15c. 15a and 15b are located at a 
left side of the first rear division line 15m. The ninth, tenth and eighth light-receiving sections 15e. 15f and 15c are 
located at a left side of the second rear division line 15r, and the seventh, eleventh and twelfth light-receiving sections 
15d, 15a and 15b are located at a right side of the second rear division line 15r. 

[01 04] A light having been reflected at the first outer surface 7a and having left the prism 7 at the second outer surface 
72 passes an intersection between the first rear division line 15m and the second rear division line 15r. 
[0105] A focus error signal FE3 is obtained by a spot-size process in accordance with the following equation, based 
on signals S15a to SI 51 detected at the light-receiving sections 15a to 151 constituting the front and rear light-receiving 
sections 86 and 87 formed on the light-receiving plane 61 of the photodiode chip 6. 

FES = (S15a + Sl5f +S15h + SI 5k) - (SI 5b + S15e + S15i + S15j) 

15 [0106] A track error signal TE4 is obtained by a push-pull process in accordance with the following equation. 

TE4 = S15c-S15d-S15g + S15l 

[0107] A track error signal TE5 is obtained by a phase difference process as follows. 

20 

TE5 ° PhasQ dliMofenc© between (SISc + S15d) and (Sl5g + 8151) 

[0108] A signal indicative oJ data to b« reproduced can be obtained as a sum of the signals 81 5c. 81 5d. S15g and 
8151. 

25 [0109] The laser diode 1 artd ^ pftotodiode chip 15 are fixedly installed in such a position that the first beam 
spot 8a is uniformly divcded by th<B tfcist tmr division line 15m partitioning the light-receiving sections 15a, 15b and 15c 
from the light-receiving s®c«icjis I5d. 15® md 15f. and that the second beam spot 8b is uniformly divided by the first 
front division line 15n paftittomrg me Ecght-receiving sections 15g. 15h and 15i from the light-receiving sections 15j. 15k 

and 151. ^- ^ ^ „ ^ 

30 [01 1 0] Hcwever. the first and second beam spots 8a and 8b deviate in an x-axis direction, if the laser diode chip 1 and 

the photodiode chip 15 are assOTnbied containing assent>ling error therein. In accordance with the third embodiment, 

even if such assembling error eoiJSts tn the laser diode chip 1 and the photodiode chip 15. - (S15g -^ 8151) is decrease 

(or increase) to a degree to x:^f^ixh (Si5c - 815d) is increased (or decreas^. Hence, they are cancelled with each 

other, ensuring no track offs^i en a piish-pull process. 
35 [011111] In accordance with ^ ©w^d <smbodiment. the laser diode chip 1 emits a light in parallel to the photodiode chip 

15. an optical head can be dessgnsd to have a reduced thickness ^ual to a sum of thicknesses of the prism 7 and the 

photodiode chip 15. 

[01 1 2] In addition, the third <emJjodinrt©nt ensures no optical loss In the prism 7. 

[01 1 3] In accordance with mird embodiment, since the focus en-or signal FES is detected in the fomri of variation 
40 in a aze of the f iret and s^^rrd beam spots 8a and 8b In a z-axis direction, and the track error signal component is 
detected In the form of varlatton 8n an amount of a light of the first and second beam spots 8a and 8b in an x-axIs direc- 
tion, the track error signal component is unlikely to be mixed into the focus error signal FE3. 

[01 1 4] The light-receiving sectctms 1 5a to 1 51 generate pairs of an el^ron and a hole on recept of a light, that is. act 
as a cun-ent source. Wirings connecied to the iight-r^eivlng sections can be coll«:ted into a bundle, if they are repre- 
45 sented as an adding component cn the equation for calculating the focus en-or signal and the track error signal. A cun-ent 
signal running through a wiring js converted into a voltage signal by means of an electron amplifier. Noises in the elec- 
tron amplifier exerts a greater m^iuertDB cn a voltage signal converted from a smaller cun-ent. Thus, it Is important to 
bundle as much as wirings to ^ereJjjr increase a current per a wiring. 

[01 1 5] In accordance with the third embodiment, wirings electrically connected to the eleventh, tenth, fifth and fourth 
so light-receiving sections 1 5a. 1 5f. 1 5h and 1 5k can be bundled into a single wiring, and wiring electrically connected to 
the twelfth, ninth, sixth and third Itghi-receiving sections 15b. 15e. 15i and 15j can be bundled into a single wiring. As a 
result, the third embodiment makes noises in an electron amplifier smaller than the above-mentioned second embodi- 
ment- 

55 [Fourth Embodiment] 

[0116] Figs. lOAand lOBilltstrate an optical head in accordance wmi the fourth err^Kjdimert of the p^^^ 

[0117] An optical head in accordance with the fourth embodiment is comprised of a laser diode chip 1 . a sub-mount 
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4 on which the laser diode chip 1 is mounted and which keeps the laser diode chip 1 at a predetermined height, a lens 
(not illustrated) for focusing a light emitted from the laser diode chip 1, onto a medium (not illustrated), an optical sepa- 
rator or prism 1 7 for separating a light reflected from the medium, from an optical axis of a light directing to the lens from 
the laser diode chip 1 . a photodiode chip 16 receiving a light separated from the optical axis by means of the prism 1 7, 

5 a base 1 7d sandwiched between the prism 1 7 and the photodiode chip 1 6 and conposed of light-permeable material, 
and a quarter wavelength plate 1 7e mounted on the photodiode chip 1 6 integrally with the prism 1 7 and the base 1 7d. 
[01 18] The optical separator or prism 1 7 is a rectangular parallelepiped in shape defined by a first sidewall 70a and 
a second sidewall 70b in parallel with each other, and first, second, third and fourth outer surfaces 71 . 72. 73 and 74 alt 
perpendicular to both the first and second sidewalls 70a and 70b. The first and third outer surfaces 71 and 73 are in 

w parallel with each other. 

[01 1 9] The prism 1 7 is designed to have first, second and third inner planes 1 7a, 1 7b and 1 7c all perpendicular to the 
first and second sidewalls 70a and 70b. in parallel with one another, and all inclined relative to the first outer surface 71 
at a predetermined angle of 45 degrees. 

[01 20] The quarter wavelength plate 1 7e converts a light having passed through the third outer surface 73 of the prism 
75 1 7 to a circularly polarized light from a linearly polarized light, and also converts a light having been reflected from the 
medium from a circularly polarized light to a linearly polarized light having an orientation perpendicular to an original 
orientation. 

[0121] The photodiode chip 16 has a light-receiving plane 161 in parallel with the second outer surface 72. As illus- 
trated in Fig. 1 1 , a front light-receiving section 88, a rear light-receiving section 89 and an additional light-receiving sec- 

20 tion 90 are formed on the light-receiving plane 1 61 . 

[0122] With reference to Fig. 1 1 . a light having been reflected at the first inner plane 1 7a forms a first beam spot 1 8a, 
a light having been reflected at the second inner plane 17b forms a second beam spot 18b. and a light having been 
reflected at the third inner plane 1 7c forms a third beam spot 1 8c all on the photodiode chip 1 6. The front, rear and addi- 
tional light-receiving sections 88, 89 and 90 are associated with the second, first and third beam spots 18b, 18a and 

25 18c. respectively. 

[0123] As illustrated in Fig. 1 1 . the front light-receiving section 88 is comprised of three light-receiving sections 16d, 
16e and 16f defined by two division lines parallel to an optically radial direction of the medium. Similarly, the rear light- 
receiving section 89 is comprised of three light-receiving sections 1 6a. 1 6b and 1 6c defined by two division lines parallel 
to an optically radial direction of the medium. The additional light-receiving section 90 is comprised of two light-receiving 

30 sections 16g and 16h defined by a division line parallel to an optically tangential direction of the medium. 

[0124] The laser diode chip 1 is positioned so that an optical length between the laser diode chip 1 and the first inner 
plane 1 7a is equal to (a + b - c)/2 wherein "a" indicates an optical length between the first inner plane 1 7a and the rear 
light-reeeiving section 89, "b" indicates an optical length between the second inner plane 1 7b and the front light-receiv- 
ing section 88, and "c" indicates an optical length between the first and second inner planes 1 7a and 1 7b. 

35 [0125] The optical head in accordance with the fourth emtx)diment operates as follows. 

[0126] A light emitted from the laser diode chip 1 and polarized in a y-axis direction enters the prism 1 7 through the 
first outer surface 1 7 so that an optical axis thereof is perpendicular to the first outer surfiace 71 . Then, the light transmits 
through the first, second and third inner plane 1 7a, 1 7b and 1 7c in this order, and leaves the prism 1 7 at the third outer 
surface 73 with an optical axis thereof being perpendicular to the third outer surface 73. The light having left the prism 

40 17 is converted into a circularly polarized light in the quarter wavelength plate 17e. and then, is focused onto the 
medium through the lens (not illustrated). 

[0127] The light having been reflected by the medium advances on the same optical path in an opposite direction, 
and is converted by the quarter wavelength plate 17e into a light polarized in an x-axts direction. Then, the light enters 
the prism 17 at the third outer surface 73 with an optical axis thereof being perpendicular to the third outer surface 73. 

45 [0128] The light having entered the prism 17 is reflected at the third inner plane 17c by a% (0 < a < 100), and the 
remaining portion of the light passes through the third inner plane 17c. that is. the light passes through the third inner 
plane 17c by (100-a)%. The light having been reflected at the third inner plane 17c leaves the prism 17 at the second 
outer surface 72, passes through the base 17d, enters the photodiode chip 16. and is received in the additional light- 
receiving section 90 formed on the light-receiving plane 161 of the photodiode chip 16. 

50 [01 29] The light having passed through the third inner plane 1 7c is reflected at the second inner plane 1 7b by half in 
an amount, and the remaining half passes through the second inner plane 17b. The light having been reflected at the 
second inner plane 17b leaves the prism 17 at the second outer surface 72. passes through the base 17d. enters the 
photodiode chip 16, and is received in the front light-receiving section 88 formed on the light-receiving plane 161 of the 
photodiode chip 16. 

55 [01 30] The light having passed through the second inner plane 1 7b is reflected at the first inner plane 1 7a, passes 
through the base 17d, errters the photodiode chip 16, and is received in the rear light-receiving section 89 formed on 
the light-receiving plane 161 of the photodiode chip 16. 

[0131] An additional light-receiving section may be formed on the sub-mount 4. similarly to the above-mentioned first 
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embodiment. The formation of such an additional light-receiving section prevents variation in an amount of a light emit- 
ted from the laser diode chip 1 which variation is caused by degradation occurring with the lapse of time, or by temper- 
ature variation. 

[01 32] The photodiode chip 1 6 may be designed to have an alignment mark or marks for accurately mounting the sub- 

5 mount 4 on the photodiode chip 16. 

[0133] It is not always necessary to form the quarter wavelength plate 17e integrally with the prism 17. The quarter 
wavelength plate 1 7e may be positioned at any place intermediate between the prism 1 7 and the medium. 
[0134] A focus error signal FE4 is obtained by a spot-size process in accordance with the following equation, based 
on signals S16a to Sl6h detected at the light-receiving sections 16a to 16h constituting the front, rear and additional 

10 light-receiving sections 88, 89 and 90 formed on the light-receiving plane 161 of the photodiode chip 16. 

FE4 = Sl6a - Sl6b + S16c - Sl6d + S16e - S16f 
[0135] A track error signal TE6 is obtained by a push-pull process in accordance with the following equation. 

15 ' 

TE6= S16g -S16h 

[01 36] A signal indicative of data to be reproduced can be obtained as a sum of the signals SI 6g and SI 6h. 
[0137] In the above-mentioned first to third embodiments, when the first and second beam spots 8a and 8b are devi- 
20 ated in an x-axis direction due to assembling error In the laser diode chip 1 and the photodiode chip 6 or 16, they are 
uniformly deviated. That is, if a light emitted from the laser diode chip 1 does not have an optical axis in parallel with a 
z-axis, there would t>e generated track offset In a push-pull process. In addition, even if a light emitted from the laser 
diode chip 1 has an optical axis In parallel with a 2-axis, a track enror signal obtained by a push-pull process would have 
a reduced signal amplitude. 

25 [0138] in accordance with the fourth embodiment, the beam spot 18c is greater in size than the beams spots 8a and 
8b. which ensures the laser diode chip 1 to have greater tolerance in an x-axis direction. In addition, since a division line 
parallel to a z-axis is formed only in the beam spot 18c. the laser diode chip 1 Is given greater tolerance for rotation in 
an x-z plane. 

[01 39] Each of the first and second Inner planes 1 7a and 1 7b makes an angle of 45 degrees relative to the first outer 
30 surface 71 of the prism 1 7. and the photodiode chip 1 6 makes an angle of 90 degrees relative to the first outer surface 
71 . Hence, even if the sub-mount 4 would have a thickness different from a designed thickness, and accordingly, a light- 
emitting point of the laser diode chip 1 is deviated relative to the photodiode chip 1 6 In a y-axis direction, a relative posi- 
tional relation in a direction of an optical axis between the laser diode chip 1 and the photodiode chip 16 remains 
unchang^, ensuring that there Is not generated focus offset caused by the deviation in the light-emitting point of the 
35 laser diode chip 1 . 

[0140] When a focus error signal is to be detected by a spot-size process, a size of a beam spot formed on the pho- 
todiode chip 1 6 varies to a greater degree relative to a deviation of the medium in an optical axis direction, as an optical 
length between front and rear light-converging points of the photodiode chip 1 6 positioned so that the medium Is located 
on a light-converging point of the lens, and the photodiode chip 16 is set shorter. Herein, considering the facts that a 
40 ratio of variation in a size of a beam spot has a relation with sensitivity of a focus error signal, and that an optical length 
between the light-converging point and the photodiode chip 1 6 is equal to a half of a distance between the first and sec- 
ond inner planes 1 7a and 1 7b, it is understood that a shorter distance between the first and second inner plane 1 7a and 
1 7b ensures a focus error signal, to have greater sensitivity. 

[0141] In the prism 7 In the above-mention^ first to third embodiments, even if a distance between the first and sec- 
45 ond inner planes 7a and 7b is Intended to narrow in order to prevent a light having been reflects at the first inner plane 
7a from being reflected again at the second inner plane 7b. there is a limitation in doing so. However, since the optical 
head in accordance with the fourth ent>odiment is provided with the base 17d sandwiched between the prism 17 and 
the photodiode chip 16. a distance between the first and second inner planes 17a and 17b can be narrowed to an 
intended degree. 

so [0142] In accordance with the fourth embodiment, since the laser diode chip 1 emits a light In parallel with the photo- 
diode chip 16. an optical head can be designed to have a reduced thickness equal to a sum of thicknesses of the prism 
17 and the photodiode chip 16. 

[0143] In addition, the fourth embodiment ensures no optical loss in the prism 1 7. 

[0144] In accordance with the fourth emtxxliment, since the focus error signal FE4 is detected in the fonm of variation 
55 in a size of the first and second beam spots 18a and 18b in a z-axis direction, and the track en-or signal component is 
detects in the form of variation in an amount of a light of the first and second beam spots 18a and 18b in an x-axis 
direction, the track error signal component is unlikely to be mixed into the focus error signal FE4. 
[0145] As the lens to be used In the fourth embodiment, there may be used a single finite lens or a combination of a 
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collimate lens and an objective lens. The connbination may include a beam splitter located between the collimate lens 
and the objective lens for separating a light directing to the medium from the laser diode chip 1, or a light directing to 
the photodiode chip 16 from the medium. This ensures these lights to be parallel lights in the case that the medium is 
located on a light-converging point of the objective lens. Hence, these lights could be readily dealt with. 
5 [0146] The medium mentioned in the fourth embodiment includes an optical disc, an optical tape, and the like, and 
may be composed of phase-change material or photo-electro-magnetic material, for instance. 
[0147] The above-mentioned constant a can be selected among figures in the range of 0 to 100 both inclusive In 
dependence on specific material of which the medium is composed. For instance, the constant a may be set equal to 
50 or 80. 

10 

[Rfth Embodiment] 

[0148] An optical head in accordance with the fifth embodiment has almost the same structure as the structure of the 
optical head in accordance with the fourth embodiment, but is different only in that the photodiode chip 16 is replaced 
15 with a photodiode chip 1 9. Fig. 12 is a plan view of the photodiode chip 19. 

[0149] As illustrated in Fig. 12, a front light-receiving section 91, a rear light-receiving section 92, and an additional 
light-receiving section 93 are formed on a light-receiving plane 191 of the photodiode chip 19. 

[01 50] With reference to Fig. 1 2. a light having been reflected at the first inner plane 1 7a forms a first beam spot 1 8a. 
a light having been reflected at the second inner plane 17b forms a second beam spot 18b. and a light having been 
20 reflected at the third inner plane 1 7c forms a third beam spot 1 8c all on the photodiode chip 1 9. The front, rear and addi- 
tional light-receiving sections 91 , 92 arxl 93 are formed in association with the second, first and third beam spots 18b, 
18a and 18c, respectively. 

[0151] As illustrated in Fig. 12, the front light-receiving section 91 is connprised of three light-receiving sections 19d, 
19e and 19f defined by two division lines parallel to an optically radial direction of the medium. Similarly, the rear light- 
25 receiving section 92 is comprised of three light-receiving sections 1 9a. 1 9b and 1 9c defined by two division lines parallel 
to an optically radial direction of the medium. The additional light-receiving section 93 is comprised of four light-receiv- 
ing sections 19g. 19h. 19i and 19] defined by both a division line parallel to an optically tangential direction of the 
medium and a division line parallel to an optically radial direction of the medium. 

[0152] A focus en-or signal FES is obtained by a spot-size process in accordance with the following equation, based 
30 on signals SI 9a to 81 9j detected at the light-receiving sections 19a to 19j constituting the front, rear and additional 
light-receiving sections 91 . 92 and 93 formed on the light-receiving plane 191 of the photodiode chip 19. 

FES = S19a - S19b + S19c - S19d + S19e - S19f 

35 [01 53] Track error signals TE7 and TE8 are obtained by a push-pull process and a phase difference process, respec- 
tively, in accordance with the following equations. 

TE7 = S19g + S19h - S19i - S19j 

40 TE8 = Phase difference l^etween (SI 9g + Sl9j) and (SI 9h + SI 9i) 

[0154] A signal indicative of data to be reproduced can be obtained as a sum of the signals Sl9g, Sl9h. S19i and 
S19j. 

[0155] In the above-mentioned first to third embodiments, when the first and second beam spots 8a and 8b are devi- 
45 ated in an x-axis direction due to assembling error in the laser diode chip 1 and the photodiode chip 19. they are uni- 
formly deviated. That is. if a light emitted from the laser diode chip 1 does riot have an optical axis in parallel with a z- 
axis, there would be generated track offset in a push-pull process. In addition, even if a light emitted from the laser diode 
chip 1 has an optical axis in parallel with a z-axis. a track error signal obtained by a push-pull process would have a 
reduced signal amplitude. 

so [0156] In accordance with the fifth embodiment, the beam spot 18c is greater in size than the beams spots 8a and 
8b, which ensures the laser diode chip 1 to have greater tolerance in an x-axis direction. In addition, since a division line 
parallel to a z-axis is formed only in the beam spot 18c, the laser diode chip 1 is given greater tolerance for rotation in 
an x-z plane. 

[0157] In accordance with the fifth emtxxJiment, since the laser diode chip 1 emits a light in parallel with the photodi- 
55 ode chip 19. an optical head can be designed to have a reduced thickness equal to a sum of thicknesses of the prism 
1 7 and the photodiode chip 1 9. 

[0158] In addition, the fifth embodiment ensures no optical loss in the prism 17. 

[0159] In accordance with the fifth embodiment, since the focus error signal FES is detected in the form of variation 
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in a size of the first and second beam spots 18a and 18b in a z-axis direction, and the track enror signal component is 
detected in the form of variation in an amount of a light of the first and second beam spots 18a and 18b in an x-axis 
direction, the track error signal component is unlikely to be mixed into the focus error signal FE5. 

5 [Sixth Embodiment] 

[0160] An optical head in accordance with the sixth embodiment has almost the same structure as the structure of 
the optical head in accordance with the fourth embodiment, but is different only in that the photodiode chip 16 is 
replaced with a photodiode chip 20. Rg. 13 is a plan view of the photodiode chip 20. 

10 [0161] As illustrated in Fig. 13. a front light-receiving section 94. a rear light-receiving section 95. and an additional 
light-receiving section 96 are formed on a light-receiving plane 201 of the photodiode chip 20. 
[01 621 With reference to Fig. 1 3. a light having been reflected at the first inner plane 1 7a forms a first beam spot 1 8a, 
a light having been reflected at the second inner plane 17b forms a second beam spot 18b, and a light having been 
ref lected^at thethird inner plane 1 7c forms a^third beam s^t ISc^aH on the photodiode chip 20. The front, rear and addi- 

75 tional light-receiving sections 94. 95 and 96 are formed in association with the second, first and third beam spots 18b. 
18a arxJ 18c. respectively. 

[0163] As illustrated in Rg. 13, the front light-receiving section 94 is comprised of seventh to twelfth light-receiving 
sections 20g, 20h. 20i. 20j, 20k and 201 defined by a first division line 20r parallel to an optically tangential direction of 
the medium, and second, third and fourth division lines 20s. 20t and 20u all parallel to an optically radial direction of the 
20 medium. 

[0164] The seventh, eighth and ninth light-receiving sections 20g. 20h and 20i are located at a left side of the first 
division line 20r. and the tenth, eleventh and twelfth light-receiving sections 20j. 20k and 201 are located at a right side 
of the first division line 20r. The seventh, tenth and eleventh light-receiving sections 20g, 20j and 20k are located at a 
rig^Tt side of the second division line 20s, and the eighth, ninth and twelfth light-receiving sections 20h, 20i and 201 are 

25 locate at a left side of tiie second division line 20s. 

[0165] Similarly, the rear light-receiving section 95 is conprised of first to sixth light-receiving sections 20a, 20b, 20c, 
20d. 20e and 20f defined by a fifth division line 20q parallel to an optically tangential direction of the medium, and sixth, 
seventh and eighth division lines 20v. 20w and 20x all parallel to an optically radial direction of the medium. 
[0166] The first, second and third light-receiving sections 20a, 20b and 20c are located at a left side of the fifth division 

30 line 20q. and the fourth, fifth and sixth light-receiving sections 20d, 20e and 20f are located at a right side of the fifth 
division line 20q. The first, second and fourth light-receiving sections 20a. 20b and 20d are located at a right side of the 
sixth division line 20v. and tiie third, fifth and sixth light-receiving sections 20c. 20e and 20f are iocatoJ at a left side of 
the sixth division line 20v. 

[0167] The additional light-receiving section 96 is comprised of four light-receiving sections 20m. 20n, 20o and 20p 
35 defined by both a ninth division line 20y parallel to an optically tangential direction of the medium and a tenth division 
line 20z parallel to an optically radial direction of the medium. 

[0168] A locus en^or signal FES is obtained by a spot-size process in accordance with the following equation, bas^ 
on signals S20a to S20p detected at the light-receiving sections 20a to 20p constituting the front, rear and additional 
light-receiving sections 94. 95 and 96 formed on a light-receiving plane of the photodiode chip 20. 

40 

FE6 = S20a - S20b - S20e + S20f + S20h - S20i - S20j + S20k 

[0169] Track error signals TE9 and TE1 0 are obtained by a push-pull process and a phase difference process, respec- 
tively, in accordance with the following ^uations. 

45 

TE9 = S20c - S20d - S20g + S20I 

TE10 = Phase difference between (S20m + S20p) and (S20n + S20o) 

50 [0170] A signal indicative of data to be reproduced can be obtained as a sum of the signals S20m, S20n. S20o and 
S20p 

[0171] The laser diode chip 1 and the photodiode chip 20 are fixedly install^ in such a position that the first beam 
spot 18a is uniformly divided by the fifth division line 20q partitioning the light-receiving sections 20a, 20b and 20c from 
the light-receiving sections 20d. 20e and 20f, arxi that the second beam spot 1 8b is uniformly divided by the first division 
55 line 20r partitioning the light-receiving sections 20g. 20h and 20i from the light-receiving sections 20j. 20k and 201. 
[0172] Howa/er. the first and second beam spots 18a and 18b deviate in an x-axis direction, if the laser diode chip 1 
and the photodiode chip 20 are assembled containing assembling error therein. In accordance witii the sixth emtxxJi- 
ment. even if such assembling error exists in the laser diode chip 1 and the photodiode chip 20. - (S20g + S20I) is 
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decreased (or increased) to a degree to which (S20c - S20d) is increased (or decreased). Hence, they are cancelled 
with each other, ensuring no track offset in a push-pull process. 

[0173] In the sixth embodiment since the third beam spot 18c is greater in size than the first and second beam spots 
18a and 18b. the track error signal TE10 is less influenced by deviation of the laser diode chip 1 in an x-axis direction 
5 than the track error signal TE9. 

[0174] In accordance with the sixth embodiment, since the laser diode chip 1 emits a light in parallel with the photo- 
diode chip 20, an optical head can be designed to have a reduced thickness equal to a sum of thicknesses of the prism 
1 7 and the photodiode chip 20. 

[0175J In addition, the sixth embodiment ensures no optical loss in the prism 1 7. 
10 [0176] In accordance with the sixth embodiment, since the focus error signal FES is detected in the form of variation 
in a size of the first and second beam spots 18a and 18b in a z-axis direction, and the track error signal component is 
detected in the form of variation in an amount of a light of the first and second beam spots 1 8a and 1 8b in an x-axis 
direction, the track error signal component is unlikely to be mixed into the focus error signal FE6. 

15 [Seventh Embodiment] 

[0177] An optical head in accordance with the seventh errtoodiment has almost the same structure as the structure 
of the optical head in accordance with the fourth embodiment, but is different only in that the photodiode chip 16 is 
replaced with a photodiode chip 21 . Fig. 14 is a plan view of the photodiode chip 21 . 

20 [01 78] The photodiode chip 21 is different from the photodiode chip illustrated in Fig. 1 3 in a structure of an additional 
light-receiving section. The photodiode chip 21 is designed to have an additional light-receiving section 99 in place of 
the additional light-receiving section 96. The additional light-receiving section 99 is comprised of two light-receiving 
sections 21m and 21n partitioned by a division line 21o parallel to an optically tangential direction of the medium, 
[0179] A focus error signal FE7 is obtained by a spot-size process in accordance with the following equation, based 

25 on signals S21a to S21n detected at the light-receiving sections 21a to 21n constituting the front rear and additional 
light-receiving sections 97, 98 and 99 formed on a light-receiving plane of the photodiode chip 21 . 

FE7 = S21a - S21b - S21e + S21f + S21h - S21i - S21j + S21k 

30 [0180] Track error signals TE11 and TE12 are obtained by a push-pull process and a phase difference proce^, 
respectively, in accordance with the following equations. 

TE11 =S21m-S21n 

35 TE12 = Phase difference between (S21 c + S21d) and (S21g + S21 1) 

[0181] A signal indicative of data to be reproduced can be obtained as a sum of the signals S21m and S21n. 
[0182] In the above-mentioned first to third embodiments, when the first and second beam spots 8a and 8b are devi- 
ated in an x-axis direction due to assemt>ling enor in the laser diode chip 1 and the photodiode chip 21. they are uni- 
40 formly deviated. That is, if a light emitted from the laser diode chip 1 does not have an optical axis in parallel with a z- 
axis, there would be generated track offset in a push-pull process. In addition, even if a light emitted from the laser diode 
chip 1 has an optical axis in parallel with a z^axis, a track error signal obtained by a push-pull process would have a 
reduced signal amplitude. 

[0183] In accordance with the seventh embodiment, the beam spot 18c is greater in size than the beams spots 8a 
45 and 8b. which ensures the laser diode chip 1 to have greater tolerance in an x-axis direction. 

[0184] In accordance with the seventh embodiment, since the laser diode chip 1 errsts a light in parallel with the pho- 
todiode chip 21 , an optical head can be designed to have a reduced thickness equal to a sum of thicknesses of the 
prism 1 7 and the photodiode chip 21. 

[0185] In addition, the seventh embodiment ensures no optical loss in the prism 17. 
so [0186] In accordance with the seventh embodiment, since the focus error signal FE7 is detected in the form of varia- 
tion in a size of the first and second beam spots 18a and 18b in a z-axis direction, and the track error signal component 
is detected in the form of variation in an amount of a light of the first arKi second beam spots 1 8a and 1 8b in an x-axts 
direction, the track error signal component is unlikely to be mixed into the focus error signal FE7. 

55 [Eighth Embodiment] 

[0187] Figs. ISA and 15B illustrate an optical||head in accordance with the eighth embodiment of the present inven- 
tion. 
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[0188] An optical head in accordance with the eighth embodiment is comprised of a laser diode chip 1 , a sub-mount 
4 on which the laser diode chip 1 is mounted and which keeps the laser diode chip 1 at a predetermined height, a lens 
(not illustrated) for focusing a light emitted from the laser diode chip 1 , onto a medium (not illustrated), an optical sepa- 
rator or prism 23 for separating a light reflected from the medium, from an optical axis of a light directing to the lens from 
5 the laser diode chip 1 . a photodiode chip 22 receiving a light separated from the optical axis by means of the prism 23, 
a base 23c sandwiched between the prism 23 and the photodiode chip 22 and composed of light-permeable material, 
a two-divisional grating 24 located in facing relation with the prism 23 and acting as a diffraction device, and a quarter 
wavelength plate 25 located in alignment with the two-divisional grating 24. 

[0189] The optical separator or prism 23 is a rectangular parallelepiped in shape defined by a first sidewall 75a and 
10 a second sidewall 75b in parallel with each other, and first, second, third and fourth outer surfaces 76, 77, 78 and 79 all 
perpendicular to both the first and second sidewalls 75a and 75b. The first and third outer surfaces 76 and 78 ar^ in 
parallel with each other. 

[01 90] The prism 23 is designed to have first and second inner planes 23a and 23b both perpendicular to the first and 
second sidewalls 75a and 75b, in parallel with one another, and both inclined relative to the first out©" surface 76 at a 
15 predetermined angle of 45 degrees. 

[0191] As illustrated in Fig. 16, the two-divisional grating 24 is designed to have first and second regions 24a and 24b 
partitioned by a division line parallel to a y-axis. 

[01 92] The quarter wavelength plate 25 converts a light having passed through the third outer surface 78 of the prism 
23 to a circularly polarized light from a linearly polarized light, and also converts a light having been reflected from the 
20 medium from a circularly polarized light to a linearly polarized light having an orientation perpendicular to an original 
orientation. 

[0193] The photodiode chip 22 has a light-receiving plane 221 in parallel with the second outer sur^ce 77. As illus- 
trated in Fig. 1 7. a front light-receiving section 300 and a rear light-receiving section 301 are formed on the light-receiv- 
ing plane 221. 

25 [019^] With reference to Fig. 1 7. a light having been reflected at the first inner plane 23a forms five beam spots 26a, 
26c. 26d. 26g and 26h, and a light having been reflected at the second inner plane 23b forms five beam ^ts 26b, 26e, 
26f, 26i and 26j. The beam spots 26c, 26e. 26h and 26j are comprised of a diffracted light passing through the first 
region 24a of the two-divisional grating 24, and the beam spots 26d, 26f. 26g and 26i are comprised of a diffracted light 
passing throucHi the second region 24b of the two-divisional grating 24. The beam spots 26a and 26b are comprised of 

30 a transmitted light passing through the two-divisional grating 24. 

[0195] The beam spots 26c, 26d, 26g and 26h are all semicircular in shape, and are positioned radially around the 
beam spai 26a which is circular in shape. Similarly, the beam spots 26e. 26f. 26i and 26j are all semicircular in shape, 
and are position^ radially around the beam spot 26b which is circular in shape. In the rear light-receiving section 301 , 
the beam spots 26c and 26g are portioned so that the arcuate portions of them iace inwardly, and the beam spots 26d 

55 and 26h are positioned so that the arcuate portions of them face outwardly. In the front light-receiving section 300, the 
beam spots 26e and 26i are positioned so that the arcuate portions of them face outwardly, and the beam spots 26f and 
26j are position^ so that the arcuate portions of them face inwardly. 

10196] The front light-receiving section 300 is associated with the beam ^x>ts 2©d, 26e. 26f, 26i and 26j, and the rear 
light-receiving section 301 is associate with the beam spots 26a, 26c. 26d. 26g and 26h. 

"fo [01 97] As illustrate in Rg. 1 7, the front light-receiving section 300 is comprised of five rectangular light-receiving sec- 
tions each located around each of the beam ^ts 26b, 26e, 26i and 26|. Around the circular beam spot 26b are formed 
three light-receiving sections 22ba, 22bb and 22bc partitioned by two division lines both parallel to an optically radial 
direction of the medium. Around the semicircular beam spots 26e, 26f. 26i and 26j are fbrm^ rectangular light-receiv- 
ing sections 22e, 22f 221 and 22j, respectively. 

45 [0198] Similarly, the rear light-receiving section 301 is comprised of five rectangular light-receiving sections each 
located around each of the beam spots 26a, 26c, 26d and 26g. Around the circular beam spot 26a are formed three 
light-receiving sections 22aa, 22ab and 22ac partitioned by two division lines both parallel to an optically radial direction 
of the medium. Around the semicircular beam spots 26c, 26d. 26g and 26h are formed rectangular light-receiving sec- 
tions 22c. 22d, 22g and 22h, respectively. 

so [01 99] The laser diode chip 1 is positioned so that an optical length between the laser diode chip 1 and the first inner 
plane 23a is equal to (a + b - c)/2 wherein "a" indicates an optical length between the first inner plane 23a and the rear 
light-receiving s^ion 301 , "b" indicates an optical length between the second inner plane 23b and the front light-receiv- 
ing section 300, and "c" indicates an optical length between the first and second inner planes 23a and 23b. 
[0200] The optical head in accordance with the eighth emkxxiiment operates as follows. 

55 [0201] A light emitted from the laser diode chip 1 and polarized in a y-axis direction enters the prism 23 through the 
first outer surface 76 so that an optical axis th^eof is perpendicular to the first outer surface 76. Then, the light transmits 
through the first and second inner plane 23a and 23b in this order, and leaves the prism 23 at the third outer surface 78 
with an optical axis thereof being perpendicular to the third outer surface 78. After passing through the two-divisional 
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grating 24, the light is converted into a circularly polarized light in the quarter wavelength plate 25. and then, is focused 
onto the medium through the lens (not illustrated). 

[0202] The light having been reflected by the medium advances on the same optical path in an opposite direction. 

and is converted by the quarter wavelength plate 25 into a light polarized in an x-axis direction. Then, the light is sepa- 
5 rated into a diffracted light and a transmitted light in the two-divisional grating 24. Then, the transmitted light enters the 

prism 23 at the third outer surface 78 with an optical axis thereof being perpendicular to the third outer surface 78. 

[0203] The transmitted light having entered the prism 23 is reflected at the second inner plane 23b by half, and the 

remaining half of the light passes through the second inner plane 23b. Fig. 15A illustrates only the transmitted light 

passing through the two-divisional grating 24, and does not illustrate the diffracted light. 
10 [0204] The light having been reflected at the second inner plane 23b leaves the prism 23 at the second outer surface 

77, passes through the base 23c. enters the photodiode chip 22, and is received in the front light-receiving section 300 

formed on the light-receiving plane 221 of the photodiode chip 22. 

[0205] The light having passed through the second inner plane 23b is reflected at the first inner plane 23a. leaves the 
prism 23 at the second outer surface 77, passes through the base 23c, enters the photodiode chip 22. and is received 
75 in the rear light-receiving section 301 formed on the light-receiving plane 221 of the photodiode chip 22. 

[0206] An additional light-receiving section may be formed on the suthmount 4, similarly to the above-mentioned first 
embodiment. The formation of such an additional light-receiving section prevents variation in an amount of a light emit- 
ted from the laser diode chip 1 which variation is caused by degradation occurring with the lapse of time, or by temper- 
ature variation. 

20 [0207] The photodiode chip 22 may be designed to have an alignment mark or marks for accurately mounting the sub- 
mount 4 on the photodiode chip 22. 

[0208] The quarter wavelength plate 25 may be positioned at any place intermediate between the two-divisional grat- 
ing 24 and the medium. 

[0209] A focus en-or signal FES is obtained by a spot-size process in accordance with the following equation, based 
25 on signals S22aa to S22j detected at the light-receiving sections 22aa to 22j constituting the front and rear light-receiv- 
ing sections 300 and 301 formed on the Hght-receiving plane 221 of the photodiode chip 22. 

FES = S22aa - S22ab + S22ac - S22ba + S22fc>b - S22bc 

30 [021 0] A track error signal TE 1 3 is obtained by a push-pull process in accordance with the following equation. 

TE13 = (S22C + S22e + S22h + S22j) - (S22d + S22f + S22g + 8221) 

[021 1 ] A signal indicative of data to be reproduced can be obtained as a sum of the signals S22c. S22e, S22h. S22j. 
35 S22d. S22f. S22g and S22i. 

[021 2] In accordance with the eighth embodiment even if the beam spots 26a to 26j are deviated in an x-axIs direction 
due to assembling en-ors in the laser diode chip 1 and the photodiode chip 22, since tiie photodiode chip 22 is not 
formed with a division line parallel to a z-axis. there would not be generated track offset, and the focus en-or signal would 
not be influenced. 

40 [021 3] If the two-dvlsional grating 24 is deviated in an x-axis direction, there would be generated track offset. How- 
ever, a light having been reflected at the medium could have great tolerance in an x-axis direction, because the light has 
a great diameter in the two-divisional grating 24. In addition, since the two-divisional grating 24 does not have a division 
line parallel to an x-axis. and is uniform in a y-axis direction, a tolerance in a y-axis direction is infinite, unless the light 
is not out of the two-divisional grating 24. If an oscillation wavelength of a light emitted from the laser diode chip 1 varies 

45 due to temperature fluctuation and so on, a diffraction angle of the diffracted light emitted from the two-divisional grating 
24 would also vary. However, in the eighth embodiment, none of the beam spots 26c to 26j is cross over a plurality of 
the light-receiving sections, and hence, is influenced by the variation in a diffraction angle of the diffracted light. 
[021 4] The two-divisional grating 24 may be replaced with a hologram device having a lens function. Such a hologram 
device would provide convergence and divergence functions to the diffracted light. 

so [021 5] Each of the first and second inner planes 23a and 23b makes an angle of 45 degrees relative to the first outer 
surface 76 of the prism 23, and the photodiode chip 22 makes an angle of 90 degrees relative to the first outer surface 
76. Hence, even if the sub-mount 4 would have a thickness different from a designed thickness, and accordingly, a light- 
emitting point of the laser diode chip 1 is deviated relative to the photodiode chip 22 in a y-axis direction, a relative posi- 
tional relation in a direction of an optical axis between tiie laser diode chip 1 and the photodiode chip 22 remains 

55 unchanged, ensiffing that there is not generated focus offset caused by the deviation in the lighrt-emitting point of the 
laser diode chip 1. 

[0216] When a focus error signal is to be detected by a spot-size process, a size of a beam spot formed on the pho- 
todiode chip 22 varies to a greater degree relative to a deviation of the medium in an optical axis direction, as an optical 
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length between front and rear light-converging points of the photodiode chip 22 positioned so that the medium Is located 
on a light-converging point of the lens, and the photodiode chip 22 is set shorter. Herein, considering the facts that a 
ratio of variation in a size of a beam spot has a relation with sensitivity of a focus error signal, and that an optical length 
between the light-converging point and the photodiode chip 22 is equal to a half of a distance between the first and sec- 
5 ond inner planes 23a and 23b, it is understood that a shorter distance between the first and second inner plane 23a and 
23b ensures a focus error signal, to have greater sensitivity. 

[021 7] In the prism 7 in the above-mentioned first to third embodiments, even if a distance between the first and sec- 
ond inner planes 7a and 7b is intended to narrow In order to prevent a light having been reflected at the first inner plane 
7a from being reflected again at the second Inner plane 7b, there is a limitation in doing so. However, since the optical 
10 head in accordance with the eighth embodiment is provided with the base 23c sandwiched between the prism 23 and 
the photodiode chip 22. a distance between the first and second inner planes 23a and 23b can be narrowed to an 
intended degree. 

[0218] In accordance with the eighth embodiment, since the laser diode chip 1 emits a light in parallel with the pho- 
todiode chip 22, an optical head can be designed to have a r^uced thickness equal to a sum of thicknesses of the 
15 prisnnr23artd the phofedicSechip 2^ ~ ^ ^ 

[0219] In addition, the eighth embodiment ensures no optical loss in the prism 23. 

[0220] In accordance with the eighth embodiment, since the focus enor signal FES is detected in the form of variation 
in a size of the first and second beam spots 26a and 26b in a z-axis direction, and the track error signal component is 
detected in the form of variation in an amount of a light of the first and second beam spots 26a and 26b in an x-axis 

20 direction, the track error signal component is unlikely to be mixed into the focus error signal FES. 

[0221] As the lens to be used in the eighth embodiment, there may be used a single finite lens or a combination of a 
collimate lens and an objective lens. The combination may include a beam splitter located between the collimate lens 
and the objective lens for separating a light directing to the medium from the laser diode chip 1 . or a light directing to 
the photodiode chip 22 from tiie m^ium. This ensures these lights to be parallel lights in the case tiiat the medium is 

25 located on a light-converging point of the objective lens. Hence, these lights could be readily dealt with. 

[0222] The medium mentioned in the eighth embodiment includes an optical disc, an optical tape, and the like, and 
may be compost of phase-change material or photo-electi-o-magnetic material, for instance. 
[0223] The two-divisional grating 24 may be comprise of a device conrpos^ of lithium niobate crystal on which a 
grid-like slit is formed in d^endence on whether proton is exchanged or not. Namely, the two-divisional grating 24 uti- 

30 lizes the fact that an index ellipsoid is deform^. If proton exchange is applied to lithium niobate crystal. A phase differ- 
ence between dielectric films deposited on a region to which proton exchange Is applied, and a portion to which proton 
exchange is not applied Is multipil^ by Ntc for a light polarized in a y-axis direction, and is set equal to an appropriate 
value for a light polarized in an x-axis direction, wherein N is an even integer and n is indicated in a unit of radian. As a 
result, the two-divisional grating 24 can be designed to allow a light polarized in a y-axis direction to pass tiierethrough. 

35 and a light polarized in an x-axis direction to diffract and pass theretiirough. 

[Ninth Embocaiifnnieint] 

[0224] An optical head in accordance with the ninth embodiment has almost the same structure as tine structure of 
40 the optical head in accordance with the eighth embodiment, but is different only in that the photodiode chip 22 is 
replaced with a photodiode chip 27. Rg. 18 is a plan view of the photodiode chip 27. 

[0225] The photodiode chip 27 has almost the same structure as the structure of the photodiode chip 22, but is dif- 
ferent only in a shape of the light-receiving sections formed in association with the semicircular beam spots. Specifi- 
cally, each of the rectangular light-receiving sections formed in association with the semicircular beam spots 26c, 26d. 
45 26e, 26f, 26g. 26h. 26i and 26j is partitioned into two regions by a division line parallel to an optically radial direction of 
the medium. Thus, the rectangular light-receiving sections formed around the semicircular t>eam spots 26c, 26d, 26e, 
26f, 26g, 26h, 26i and 26j include regions 27ca and 27cb. 27da and 27db. 27ea and 27eb, 27fa and 27fb, 27ga and 
27gb, 27ha and 27hb. 27ia and 27ib. and 27ja and 27jb, respectively. 

[0226] A focus error signal FE9 is obtained by a ^x>t-size process in accordance with the following equation, based 
so on signals S27aa to S27jb detected at the light-receiving sections 27aa to 27ib constituting the front and rear light- 
receiving sections 302 and 303 form^ on a light-receiving plane of the photodiode chip 27. 

FE9 = S27aa - S27ab -i- S27ac - S27ba + S27bb - S27kx; 

55 [0227] Track error signals TE14 and TE15 are obtained by a push-pull process and a phase difference process, 
re^^vely, in accordance witii the following equations. 
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TE14 = (S27ca + S27eb + S27ha + S27jb) + (S27cb + S27ea + S27hb + 
S27ja) - (S27da + S27fb + S27ga + S27ib) - (S27db + S27fa + S27gb + S27ia) 

TE1 5 = Phase difference between (S27ca + S27eb + S27ha + S27jb) + 
^ (S27db + S27fa + S27gb + S27ia) and (S27cb + S27ea + S27hb + S27ja) + (S27da + S27fb + S27ga + S27ib) 

[0228] A signal indicative of data to be reproduced can be obtained as a sum: 

10 (S27ca + S27eb + S27fia + S27jb) + (S27cb + S27ea + S27hb + S27ja) + (S27da + 

S27fb + S27ga + S27ib) + (S27db + S27fa + S27gb + S27la) 

[0229] In accordance with the ninth embodiment, even H the beam spots 2ea to 26j are deviated in an x-axis direction 
15 due to assembling en-ors in the laser diode chip 1 and the photodiode chip 27. since the photodiode chip 27 is not 
formed with a division line parallel to a z-axis, there would not be generated track offset, and the focus error signal would 
not be influenced. 

[0230] In accordance with the ninth embodiment, since the laser diode chip 1 emits a light in parallel with the photo- 
diode chip 27. an optical head can be designed to have a reduced thickness equal to a sum of thicknesses of the prism 
20 23 and the photodiode chip 27. 

[0231] In addition, the ninth embodiment ensures no optical loss in the prism 23. 

[0232] In accordance with the ninth embodiment, since the focus error signal FE9 is detected in the form of variation 
in a size of the first and second beam spots 26a and 26b in a z-axis direction, and the track en-or signal component is 
detected in the form of variation in an amount of a light of the first and second beam spots 26a and 26b in an x-axis 
25 direction, the track error signal conponent is unlikety to be mixed into the focus error signal FE9. 

[Tenth Embodiment] 

[0233] An optical head in accordance with the tenth embodiment has almost the same structure as the structure of 
30 the optical head in accordance with the eighth embodiment, but is different only in that the two-divisional grating 24 is 
replaced with a four<Jivisional grating 29. and that the photodiode chip 22 is replaced with a photodiode chip 28. Fig.. 
19 is a right side view of the four-divisional grating 29. and Fig. 20 is a plan view of the photodiode chip 28. 
[0234] As illustrated in Fig. 19, #ie fouF<Jivisional grating 29 is divided into first to fourth regions 29a, 29b. 29c and 
29d by two division lines extending in y-and x-axes directions. 
35 [0235] The photodiode chip 28 has a light-receiving plane 281 in parallel with the second outer surface 77. As illus- 
trated in Fig. 20. a front light-receiving section 304 and a rear light-receiving section 305 are formed on the light-receiv- 
ing plane 281. 

[0236] With reference to Fig. 20, a light having been reflected at the first inner plane 23a forms nine beam spots 30a. 
30ca. aocb. 30dc. 30dd. 30gc. 30gd. 30ha and 30hb on the photodiode chip 28, and a light having been reflected at the 
40 second inner plane 23b forms nine beam spots 30b, 30ea. 30eb. 30f c. 30fd. 30ic. 30id, 30ja and SOjb on the photodiode 
chip 28. 

[0237] The beam spots 30ca, 30ea. 30ha and 30ja are comprised of diffracted lights passing through the first region 
29a of the four-divisional grating 29. The beam spots 30cb, SOeb, 30hb and SOjb are comprised of diffracted lights pass- 
ing through the second region 29b of the four-divisional grating 29. The beam spots 30dc. 30fc. 30gc and 30ic are com- 

45 prised of diffracted lights passing through the third region 29c of the four-divisional grating 29. The beam spots 30dd. 
30fd, 30gd and 30id are comprised of diffracted lights passing through the fourth region 29d of the four<livisional grat- 
ing 29. The beam spots 30a and 30b are comprised of transmitted lights enrntted from the four-divisional grating 29. 
[0238] The eight beam spots 30ea. SOeb. 30fc. 30fd. 30ic. 30id. 30ja and SOjb in the front light-receiving section 304. 
except the beam spot 30b. are quadrants in shape, and are arranged around tfie beam spot 30b which is circular in 

so shape. Similarly, the eight beam spots 30ca. 30cb, SOdc, 30dd. 30gc. SOgd. SOha and 30hb in the rear light-receiving 
section 305. except the beam spot 30a. are quadrants in shape, and are arranged around the beam spot 30a which is 
circular in shape. 

[0239] Each of the beam spots is formed by diving each of the semicircular beam spots in the eighth emlxxdiment into 
quadrants. The quadrant beam spots are spaced away from one another in a direction parallel to an optically radial 
55 direction of the medium. 

[0240] The front light-receiving section 304 is formed in association with the beam spots 30b. 30ea. 30eb. SOfc. SOfd. 
SOic. SOid. SOja and SOjb, and the rear light-receiving section 305 is formed in association with the beam spots 30a. 
30ca, SOeb, SOdc. 30dd, SOgc. SOgd. SOha and SOhb. 
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[0241] The front light-receiving section 304 is comprised of rectangular light-receiving sections formed around the 
beam spots 30b, 30ea, SOeb, SOfc. 30fd, 30ic, 30id, 30ja and 30jb. Around the circular beam spot 30b are formed three 
light-receiving sections 28ba, 28bb and 28bc partitioned by two division lines both parallel to an optically radial direction 
of the medium. Rectangular light-receiving sections 28ea, 28eb. 28fc, 28fd, 28ic, 28id, 28ja and 28jb are formed around 

5 the quadrant beam spots 30ea. 30eb, 30fc. 30fd, 30ic, 30id, 30ja and 30jb, respectively. 

[0242] Similarly, the rear light-receiving section 305 is comprised of rectangular light-receiving sections formed 
around the beam spots 30a. 30ca. 30cb, 30dc. 30dd. 30gc. 30gd, 30ha and 30hb. Around the circular beam spot 30a 
are formed three light-receiving sections 28aa, 28ab and 28ac partitioned by two division lines both parallel to an opti- 
cally radial direction of the medium. Rectangular light-receiving sections 28ca, 28cb, 28dc, 28dd, 28gc, 28gd. 28ha and 

10 28hb are formed around the quadrant beam ^ots 30ca. SOcb. 30dc, 30dd, 30gc. 30gd, 30ha and 30hb. respectively 
[0243] A focus en-or signal FE10 is obtained by a spot-size process in accordance with the following equation, based 
on signals S28aa to S28jb detected at the light-receiving sections 28aa to 28jb constitutir^g the front and rear light- 
receiving sections 304 and 305 formed on a light-receiving plane of the photodiode chip 28. 

15 FE10 = S28aa-S28ab + S28ac-S28ba + S28bb-S2^c 

[0244] Track error signals TE16 and TE17 are obtained by a push-pull process and a phase difference process, 
respectively, in accordance with the following equations. 

20 TE16 = (S28ca + S28ea + S28ha + S28ja) + (S28cb + S28eb + S28hb + 

S28jb) - (S28dC + S28fc + S28gc + S28ic) - (S28dd + S281d + S28gd -^ S28id) 

TE1 7 = Phase difference between (S28ca + S28ea + S28ha ^- S28ja) -^ 
25 (S28dd + S28fd -^ S28gd + S28id) and (S28cb + S28^ + S28hb + S28jb) + (S28dc + S28fc + S28gc + S28ic) 

[0245] A signal indicative of data to be reproduced can be obtained as a sum: 

(S28ca + S28ea + S28ha + S28ja) + (S28cb + S28^ + S28hb + S2Sjb) + (S28dc + 
S28fc + S28gc + S28ic) + (S28dd + S28fd + S28gd + S28id) 

[0246] In accordance with the tenth embodiment, even if the beam spots 30a to 30jb are deviated in an x-axis direction 
due to assenting errors in the laser diode chip 1 and the photodiode chip 28. since the photodiode chip 28 is not 
35 formed with a division line parallel to a z-axis, there would not be generated track offset, and the focus error signal would 
not be influenced. 

[0247] If deviated in an x-axis direction, the four-divisional gratng 29 would generate track offset in a push-pull proc- 
ess. However, since a light having been reflects at the nredium has a great diameter in the four-divisional grating 29, 
the light coukJ have great tolerance in an x-axis direction. If deviate in a y-axis direction, the four-divisional grating 29 
40 would generate defects in a track en^or signal obtained by a phase difference process. However, since a light having 
been reflected at the m^jium has a great diameter in the fbur<livisional grating 29. the light could also have great tol- 
erance in a y-axis direction. 

[0248] If an oscillation wavelength of a light emitted from the laser diode chip 1 varies due to temperature fluctuation 
and so on. a diffraction angle of the diffracts light emitted from the fbur-divistonal grating 29 would also vary. However, 
45 in the tenth embodiment, none of the beam spots SOca to 30jb is cross over a plurality of the light-receiving sections, 
and hence, is influenced by the variation in a diffraction angle of the diffracted light. 

[0249] In accordance with the tenth embodiment, since the laser diode chip 1 emits a light in parallel with the photo- 
diode chip 28, an optical head can be designed to have a reduced thickness equal to a sum of thicknesses of the prism 
23 and the photodiode chip 28. 
so [0250] In addition, the ninth embodiment ensures no optical loss in the prism 23. 

[0251] In accordance with the tenth embodiment, since the focus en-or signal FE1 0 is detected in the form of variation 
in a size of the first and second beam ^xjts 30a and 30b in a z-axis direction, and the track en-or signal component is 
detected in the form of variation in an amount of a light of the first and second beam spots 30a and 30b in an x-axis 
direction, the track error signal component is unlikely to be mixed into the focus error signal FEIO. 

55 

[Eleventh Embodiment] 

[0252] Figs. 21 A and 21 B illustrate an optical head in accordance with the eleventh embodiment of the present inven- 
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tion. 

[0253] An optical head in accordance with the eleventh embodiment is comprised of a laser diode chip 1 . a sub-mount 
5 on which the laser diode chip 1 is mounted and which keeps the laser diode chip 1 at a predetermined height, a lens 
(not illustrated) for focusing a light emitted from the laser diode chip 1 . onto a medium (not illustrated), an optical sepa- 

5 ■ rator or prism 32 for separating a light reflected from the medium, from an optical axis of a light directing to the lens from 
the laser diode chip 1 . a photodiode chip 31 receiving a light separated from the optical axis by means of the prism 32, 
and a quarter wavelength plate 32c mounted on the photodiode chip 31 integrally with the prism 32. 
[0254] The optical separator or prism 32 is a square pole in shape defined by a first sidewall 306a and a second side- 
wall 306b in parallel with each other, and first, second, third and fourth outer surfaces 307, 308. 309 and 310 all per- 

10 pendicular to both the first and second sidewalls 306a and 306b. The first and third outer surfaces 307 and 309 are in 
parallel with each other. 

[0255] The prism 32 is designed to have first and second inner planes 32a and 32b both perpendicular to the first and 
second sidewalls 306a and 306b, in parallel with one another, and both inclined relative to the first outer surface 307 at 
a predetermined angle of 45 degrees. 
15 [0256] The quarter wavelength plate 32c converts a light having passed through the third outer surface 73 of the prism 
32 to a circularly polarized light from a linearly polarized light, and also converts a light having been reflected from the 
medium from a circularly polarized light to a linearly polarized light having an orientation perpendicular to an original 
orientation. 

[0257] The photoe*ode chip 31 has a light-receiving plane 31 1 in parallel with the second outer surface 308. As illus- 
20 trated in Fig. 22. a front light recervrng section 400 and a rear light-receiving section 401 are formed on the light-receiv- 
ing plane 31 1 of the photodiode ch^ 31 

[0258] With reference to Fig 22. a light having been reflected at the first inner plane 32a and having passed through 
the second inner plane 32b kxms a Irst beam spot 33b on the photodiode chip 31 . A light having been reflected at both 
the first inner plane 32a and tie second mner plane 32b, and having been reflected again at the first inner plane 32a 
25 forms a second beam spot 33a on the photodiode chip 31 . The front and rear light-receiving sections 400 and 401 are 
associated with the frst and second beam spots 33b and 33a, respectively. 

[0259] As illustrated n Fig 22 the front light-receiving section 400 is conrprised of six light-receiving sections 31 g, 
31h. 31i. 31j. 31k and 311 defined by a frst front division line 31n parallel to an optically tangential direction of the 
medium, and second and third front division lines 31 o and 31 p both parallel to an optically radial direction of the 
30 medium. 

[0260] Similarly, the rear light-receiving section 401 is comprised of six light-receiving sections 31a, 31b. 31c, 31d. 
31 e and 31f defined by a frst rear division line 31 m parallel to an optically tangential direction of the medium, and sec- 
ond and third rear division knes 3lq and 31r both parallel to an optically radial direction of the medium. 
[0261 ] The laser diode chip 1 is positioned so that an optical length between the laser diode chip 1 and the first inner 
35 plane 32a is equal to (a ^ b f 3c)/2 wherein "a" indicates an optical length between the first inner plane 32a and the 
rear light-receiving secton 401 . l)* indicates an optical length between the second inner plane 32b and the front light- 
receiving section 400. and "c" widicates an optical length between the first and second inner planes 32a and 32b. 
[0262] The optical head n accordance with the eleventh embodiment operates as follows. 

[0263] A light emitted from the laser diode chip 1 and polarized in a y-axis direction enters the prism 32 through the 
40 first outer surface 307 so that an optcal axis thereof is perpendicular to the first outer surface 307. Then, the light trans- 
mits through the first inner plane 32a. and leaves the prism 32 at the third outer surface 309 with an optical axis thereof 
being perpendicular to the thtid outer surface 309. The light having left the prism 32 is converted into a circularly polar- 
ized light in the quarter wavelength plate 32c, and then, is focused onto the medium through the lens (not illustrated). 
[0264] The light having been reflected by the medium advances on the same optical path in an opposite direction. 
45 and is converted by the quarter wavelength plate 32c into a light polarized in an x-axis direction. Then, the light enters 
the prism 32 at the third outer surtace 309 with an optical axis thereof being perp>endicular to the third outer surface 309. 
[0265] The light having entered the pnsm 32 is reflected at the first inner plane 32a. The light having been reflected 
at the first inner plane 32a is reflected at the second inner plane 32b by fnalf. and the remaining half of the light passes 
through the secorxJ inner plane 32b 
so [0266] The light having been reflected at the second inner plane 32b is reflected at the first inner plane 32a, leaves 
the prism 32 at the second outer surface 308. enters the photodiode chip 31 , and is received in the rear light-receiving 
section 401. 

[0267] The light having passed through the second inner plane 32b leaves the prism 32 at the second outer surface 
308. enters the photodiode chip 31 , and is received in the front light-receiving section 400. 
55 [0268] An additional light-receiving section may be formed on the sub-mount 5. similarly to the above-mentioned first 
embodiment. The formation of such an additional light-receiving section prevents variation in an amount of a light emit- 
ted from the laser diode chip i which variation is caused by degradation occurring witii the lapse of time, or by temper- 
ature variation. 
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[0269] The photodiode chip 31 may be designed to have an alignment mark or marks for accurately mounting the sub- 
mount 5 on the photodiode chip 31 . 

[0270] It is not always necessary to form the quarter wavelength plate 32c integrally with the prism 32. The quarter 
wavelength plate 32c may be positioned at any place intermediate between the prism 32 and the medium. 
5 [0271] A focus error signal FE1 1 is obtained by a spot-size process in accordance with the following equation, based 
on signals S3 la to S3 II detected at the light-receiving sections 31a to 311 constituting the front and rear light-receiving 
sections 400 and 401 formed on the light-receiving plane 31 1 of the photodiode chip 31 . 

FE1 1 = (S31a + S31c + S31k) - (S31b + 831 j + S31I) + (S31d + S31f +831 h) - (831 e + S31g + S31i) 

10 

[0272] A track error signal TE18 is obtained by a push-pull process in accordance with the following equation. 
TE18 = (S31a + S31c + S31k) + (S31b + S31j + 8311) - {S31d + S31f +S31h) - (S31e + S31g + S31i) 

15 [0273] A signaf indicative of data to be reproduced can be obtained as a sum of the signals S31a to S31I. 

[0274] The laser diode chip 1 and the photodiode chip 31 are fixedly Installed in such a position that the beam spot 
33a is uniformly divided by the first rear division line 31m partitioning the light-receiving sections 31 a. 31 b and 31 c from 
the light-receiving sections 31d. 31 e and 31f, and that the beam spot 33b is uniformly divided by the first front division 
line 31 n partitioning the light-receiving sections 31g, 31h and 31i from the light-receiving sections 31j, 31k and 311. 

20 [0275] However, the beam spots 33a and 33b deviate in an x-axis direction, if the laser diode chip 1 and the photodi- 
ode chip 31 are assembled containing assembling error therein. In accordance with the eleventh embodiment, even if 
such assembling error exists in the laser diode chip 1 and the photodiode chip 31. - (S31g + S31h + S31i) + (S31j + 
S31k + S31I) is decreased (or increased) to a degree to which (S31a + S31b + SSIc) - (S31d + S31e + S31f) is 
increased (or decreased). Hence, they are cancelled with each other, enuring no track offset in a push-pull process. 

25 [027G] Each of the first and second inner planes 32a and 32b makes an angle of 45 degrees relative to the first outer 
surface 307 of the prism 32, and the photodiode chip 31 makes an angle of 90 degrees relative to the first outer surface 
307 of the prism 32. Hence, even if the sub-momt 5 would have a thickness different from a designed thickness, and 
accordingly, a light-emitting point of the laser diode chip 1 is deviated relative to the photodiode chip 31 in a y-axis direc- 
tion, a r^ative positional relation in a direction of an optical axis between the laser diode chip 1 and the photodiode chip 

30 31 remains unchanged, ensuring that there is not generated focus offset caused by the deviation in the light-emitting 
point of the laser diode chip 1 . 

[0277] When a focus error signal is to be detected by a spot-size process, a size of a beam spot form^ on the pho- 
todiode chip 31 varies to a greater degree relative to a deviation of the m^ium in an optical axis direction, as an optical 
length between front and rear light-converging points of the photodiode chip 31 positioned so that the medium is located 

35 on a light-converging point of the lens, and the photodiode chip 31 is set shorter. Herein, considering the facts that a 
ratio of variation In a size of a beam spot has a relation with sensitivity of a focus error signal, and that an optical length 
between the light-converging point and the photodiode chip 31 is equal to a half of a distance between the first and sec- 
ord inner planes 32a and 32b. it is understood that a shorter distance between the first and secor^ inner plane 32a artd 
32b ensures a focus error signal, to have greater sensitivity. 

40 [0278] In the prism 7 in the at>ove-mention^ first to third enrdDOdiments. even if a distance between the first and sec- 
ond inner planes 7a and 7b is intended to narrow In order to prevent a light having been reflected at the first Inner plane 
7a from being refined again at the secortd inner plane 7b, there is a limitation In doing so. However, in the optical head 
in accordance with the eleventh embodiment, since a light is ref lect&j twice at the first inner plane 32a in an optical path 
from the medium to the photodiode chip 31 , a distance between the first and second Inner planes 32a and 32b can be 

45 narrowed to an intend^ degree. 

[0279] In addition, it was necessary to form the base 1 7d or 23c under the prism 1 7 or 23 in the fourth to tenth embod- 
iments. To the contrary, the eleventh embodiment makes it no longer necessary to form a t>ase such as the base 17d 
or 23c under the prism 32, ensuring enhancement in productivity of an optical head. 

[0280] Furthermore, since the optical head is no longer necessary to include a base, if an alignment mark is formed 
50 on the photodiode chip 31 , the prism 32 can be accurately assembled on the photodiode chip 31 by aligning a line at 
which the second inner plane 32b makes contact with tiie photodiode chip 31 , to the alignment mark. 
[0281] When a light is radiated to a prism, a light enters the prism at a plane at various incident angles, and is 
diverged. It is quite difficult to provide the same reflectance and transmittance to all incident angles. However, in accord- 
ance with the eleventh embodiment, a light dir^ng from the laser diode chip 1 to the lens Is diverged only once at the 
55 first inner plane 32a. there wouki be small dispersion in an intensity profile of the light. 

[0282] In the eleventh embodiment, the laser diode chip 1 Is position^ so that an optical lengtii between the laser 
diode cfip 1 and the first inner plane 32a is equal to (a + b + 3c)/2 , as mentioned eariier. Hence, an optical length d 
between the laser diode chip 1 and tiie first outer surface 71 is equal to c/2, which means that a big gap is formed tfier- 
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ebetween. As a result, even if the laser diode chip 1 is assembled slightly out of place, it would be possible to keep the 
laser diode chip 1 from making abutment with the prism 32. 

[0283] In accordance with the eleventh embodiment, since the laser diode chip 1 emits a light in parallel with the pho- 
todiode chip 31, an optical head can be designed to have a reduced thickness equal to a sum of thicknesses of the 
5 prism 32 and the photodiode chip 3 1 . 

[0284] In addition, the eleventh embodiment ensures no optical loss in the prism 32. 

[0285] In accordance with the eleventh embodiment, since the focus error signal FE11 is detected In the form of var- 
iation in a size of the beam spots 33a and 33b in a z-axis direction, and the track error signal component is detected in 
the form of variation in an amount of a light of the beam spots 33a and 33b in an x-axis direction, the track error signal 

10 component is unlikely to be mixed into the focus error signal FE1 1 . 

[0286] In the eleventh embodiment, various methods of detecting a focus error signal, a track error signal and a data 
reproducing signal may be used by replacing the photodiode chip 31 with another photodiode chip, as having been 
described In the second embodiment in which the photodiode chip 6 in the first embodiment is replaced with the pho- 
todiode chip 14, and in the third embodiment In which the photodiode chip 6 in the first embodiment Is replaced with the 

15 photodiode chip 15. 

[0287] As the lens to be used in the eleventh embodiment, there may be used a single finite lens or a combination of 
a collimate lens and an objective lens. The combination may include a beam splitter located between the collimate lens 
and the objective lens for separating a light directing to the medium from the laser diode chip 1, or a light directing to 
the photodiode chip 31 from the medium. This ensures these lights to be parallel lights In the case that the medium is 
20 located on a light-converging point of the objective lens. Hence, these lights could be readily dealt with. 

[0288] The medium merttioned in the eighth embodiment includes an optical disc, an optical tape, and the like, and 
may be composed of phase-change material or photo-electro-magnetic material, for Instance. 

[Twelfth Embodiment] 

25 

[0289] Figs. 23A and 23B illustrate an optical head in accordance with the twelfth embodiment of the present inven- 
tion. 

[0290] An optical head in accordance with the thirteenth en^xxJiment Is comprised of a laser diode chip 1. a sub- 
mount 5 on which the laser diode chip 1 Is mounted and which keeps the laser diode chip 1 at a predetermined height, 

30 a lens (not illustrated) for focusing a light emitted from the laser diode chip 1 , onto a medium (not illustrated), an optical 
separator or prism 35 for separating a light reflected from the medium, from an optical axis of a light directing to the lens 
from the laser diode chip 1 . a photodiode chip 34 receiving a light separated from the optical axis by means of the prism 
35. and a quarter wavelength plate 35c formed on the photodiode chip 34 integrally with the prism 35. 
[0291 ] The optical separator or prism 35 Is a square pole in shape defined by a first sidewall 402a and a second side- 

35 wall 402b in parallel with each other, and first, second, third and fourth outer surfaces 403. 404. 405 and 406 all per- 
pendicular to both the first and second sidewalls 402a and 402b. The first and third outer surfaces 403 and 405 are in 
parallel with each other. 

[0^] The prism 35 is designed to have first and second inner planes 35a and 35b both perpendicular to the first and 
second sidewalls 402a and 402b. in parallel with one another, and both inclined relative to the first outer surface 403 at 
40 a predetermined angle of 45 degrees. 

[0293] The quarter wavelength plate 35c converts a light having passed through the third outer surface 405 of the 
prism 35 to a circularly polarized light from a linearly polarized light, and also converts a light having been reflected from 
the medium from a circularly polarized light to a linearly polarized light having an orientation perpendicular to an original 
orientation. 

45 [0294] The photodiode chip 34 has a light-receiving plane 341 in parallel with the second outer surface 404. As illus- 
trated In Fig. 24, a front light-receiving section 407 and a rear light-receiving section 408 are formed on the light-receiv- 
ing plane 341 of the photodiode chip 34. 

[0295] With reference to Fig. 24. a light having passed through the second Inner plane 35b, having been reflected at 
the first inner plane 35a. having been reflected at the second inner plane 35b. and having been reflected again the sec- 
50 ond inner plane 35b forms a first beam spot 36a on the photodiode chip 34. A light having passed through the second 
inner plane 35b. having been reflected at the first inner plane 35a, and having passed through the second inner plane 
35b forms a second beam spot 36b on the photodiode chip 34. A light having been reflected at the second inner plane 
35b forms a third beam spot 36c on the photodiode chip 34. 

[0296] Front rear and additional light-receiving sections 407. 408 and 409 are formed on the light-receiving plane 341 
55 of the photodiode chip 34 in association with the second, first and third beam spots 36b, 36a and 36c, respectively 
[0297] As illustrated in Fig. 24. the front light-receiving section 407 Is comprised of three light-receiving sections 34d. 
34e and 34f defined by two division lines parallel to an optically radial direction of the medium. Similarly, the rear light- 
receiving section 408 is comprised of three light-receiving sections 34a, 34b and 34c defined by two division lines par- 
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allel to an optically radial direction of the medium. The additional light-receiving section 409 is comprised of two light- 
receiving sections 34g and 34h defined by a division line parallel to an optically tangential direction of the medium. 
[0298] The laser diode chip 1 is positioned so that an optical length between the laser diode chip 1 and the first inner 
plane 35a is equal to (a + b + 3c)/2 wherein "a" indicates an optical length between the first inner plane 35a and the 
5 rear light-receiving section 408. "b" indicates an optical length between the second inner plane 39d and the front light- 
receiving section 407. and "c" indicates an optical length between the first and second inner planes 35a and 35b. 
[0299] The optical head in accordance with the twelfth embodiment operates as follows. 

[0300] A light emitted from the laser diode chip 1 and polarized in a y-axis direction enters the prism 35 through the 
first outer surface 403 so that an optical axis thereof is perpendicular to the first outer surface 403. Then, the light trans- 
10 mits through the first and second inner planes 35a and 35b in this order, and leaves the prism 35 at the third outer sur- 
face 405 with an optical axis thereof being perpendicular to the third outer surface 405. The light having left the prism 
35 is converted into a circularly polarized light in the quarter wavelength plate 35c. and then, is focused onto the 
medium through the lens (not illustrated). 

[0301] The light having been reflected by the medium advances on the same optical path in an opposite direction, 
15 and is converted by the quarter wavelength pTate 35c into a light polarized in an x-axis direction. Then, the light enters 
the prism 35 at the third outer surface 405 with an optical axis thereof being perpendiciiar to the third outer surface 405. 
[0302] The light having entered the prism 35 is reflected at the second inner plane 35b by half, and the remaining half 
of the light passes through the second inner plane 35b. 

[0303] The light having been reflected at the second inner plane 35b leaves the prism 35 at the second outer surface 
20 404, enters the photccficde chip 34. artd is received in the additional light-receiving section 409. 

[0304] The light having passed ^ough th® second inner plane 3^ is reflected at the first inner plane 35a. Then, the 
light is reflected at the second irvrsr pSan® 35b by half, arKl the remaining half of the light passes through the first inner 
plane 35a. The light havirtg bssn re4i<sct<&d at the second inner plane 35b is reflected again at the first inner plane 35a, 
leaves the prism 35 at the second cu3«r sur^ce 404, enters the photodiode chip 34, and is received in the rear light- 
25 receivir^ section 408. 

[0305] The light having r(s?tsctsd at the first inner plane 35a and having passed through the second inner plane 
33b leaves the prism 35 at the second cuter surface 404, enters the photodiode chip 34. and is received in the front 
light-receiving section 407. 

[0306] An additional light-recejvsng secbon may be form^ on the sub-mount 5. similarly to the above-mentioned first 
30 entxjdiment. The formation otf such an additional light-receiving section prevents variation in an amount of a light emit- 
ted from the laser diode chtp 1 whcch variation is caused by degradation occurring with the lapse of time, or by tenper- 
ature variation. 

[0307] The photodiode chp 34 nmy be designed to have an alignment mark or marks for accurately mounting the sub- 
nrwunt 5 on the photodiode chip 34 
35 [0308] It is not always necessary to form the quarter wavelength plate 35c integrally with the prism 35. The quarter 
wavelength plate 35c may be ptrattoned at any place intemnediate between the prism 35 and the medium. 
[0309] A focus error signal FE 12 is obtained by a spot-size process in accordance with the following equation, based 
on signals S34a to S34h detected at the light-receiving sections 34a to 34h constituting the front, rear and additional 
light-receiving sections 407. 408 sind 409 form^ on the light-receiving plane 341 of the photodiode chip 34. 

40 

(FE12 = S34a - S34b + S34c - S34d + S34e - S34f 

[031 0] A track error signal TE 1 9 is obtained by a push-pull process in accordance with the following equation. 

45 TE19=:S34g-S34h 

[0311] A signal indicative of data to be r^cduced can be obtained as a sum of the signals S34g and S34h. 
[031 2] In the above-mentioned first to third embodiments, when the first arid second beam spots 8a and 8b are devi- 
ated in an x-axis direction due to assembling error in the laser diode chip 1 and the photodiode chip 6 or 16, they are 
so uniformly deviated. That is. if a Itght emitted from the laser diode chip 1 does not have an optical axis in parallel with a 
2-axis, there would be generated track offset in a push-pull process. In addition, even if a light emitted from the laser 
diode chip 1 has an optical axis in parallel with a z-axis, a track en-or signal obtained by a push-pull process would have 
a reduced signal amplitude. 

[031 3] In accordance with the twelfth emtxxiiment, the beam spot 36c is greater in size than the beams spots 8a and 
55 8b, which ensures the laser diode chip 1 to have greater tolerance in an x-axis direction. In addition, since a division line 
parallel to a z-axis is formed only in the beam spot 36c. the laser diode chip 1 is given greater tolerance for rotation in 
an x-z plane. 

[031 4] Each of the first and second inner planes 35a and 35b makes an angle of 45 degrees relative to the first outer 
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surface 403 of the prism 35, and the photodiode chip 34 makes an angle of 90 degrees relative to the first outer surface 
403 of the prism 35. Hence, even if the sub-mount 5 would have a thickness different from a designed thickness, and 
accordingly, a light-emitting point of the laser diode chip 1 is deviated relative to the photodiode chip 34 in a y-axis direc- 
tion, a relative positional relation in a direction of an optical axis between the laser diode chip 1 and the photodiode chip 
5 34 remains unchanged, ensuring that there is not generated focus offset caused by the deviation in the light-emitting 
point of the laser diode chip 1 . 

[0315] When a focus error signal Is to be detected by a spot-size process, a size of a beam spot formed on the pho- 
todiode chip 34 varies to a greater degree relative to a deviation of the medium in an optical axis direction, as an optical 
length between front and rear tight-converging points of the photodiode chip 34 positioned so that the medium is located 

10 on a light-converging point of the lens, and the photodiode chip 34 is set shorter. 

[0316] Herein, considering the facts that a ratio of variation in a size of a beam spot has a relation with sensitivity of 
a focus error signal, and that an optical length between the light-converging point and the photodiode chip 34 is equal 
to a half of a distance between the first and second inner planes 35a and 35b, it is understood that a shorter distance 
between the first and second inner plane 35a and 35b ensures a focus error signal, to have greater sensitivity. 

15 [031 7] In the prism 7 in the above-mentioned first to third embodiments, even if a distance between the first and sec- 
ond Inner planes 7a and 7b is intended to narrow in order to prevent a light having been reflected at the first inner plane 
7a from being reflected again at the second inner plane 7b. there is a limitation in doing so. However, in the optical head 
in accordance with the twelfth en*)odiment. since a light is reflected tmce at the first inner plane 35a In an optical path 
from the medium to the photodiode chip 34. a distance between the first and second inner planes 35a and 35b can be 

20 narrowed to an intended degree. 

[031 8] In addition, it was necessary to form the base 1 7d or 23c under the prism 1 7 or 23 In the fourth to tenth embod- 
iments. To the contrary, the twelfth embodiment makes it no longer necessary to form a base such as the base 1 7d or 
23c under the prism 35, ensuring enhancement in productivity of an optical head. 

[0319] Furthermore, since the optical head is no longer necessary to include a base, if an alignment mark is formed 
25 on the photodiode chip 34, the prism 35 can be accurately assembled on the photodiode chip 34 by aligning a line at 
which the second inner plane 35b makes contact with the photodiode chip 34, to the alignment mark. 
[0320] In the twelfth embodiment, the laser diode chip 1 is positioned so that an optical length between the laser diode 
chip 1 and the first inner plane 35a is equal to (a + b + 3c)y2 . as mentioned earlier Hence, an optical length "d" 
between the laser diode chip 1 and the first outer surface 403 is equal to c/2. which means that a big gap is formed ther- 
30 ebetween. As a result, even if the laser diode chip 1 is assembled slightly out of place, it would be possible to keep the 
laser diode chip 1 from making abutment with the prism 35. 

[0321] In accordance with the twelfth embodiment, since the laser diode chip 1 emits a light in parallel with the pho- 
todiode chip 34. an optical head can be designed to have a reduced thickness equal to a sum of thicknesses of the 
prism 35 and the photodiode chip 34. 

35 [0322] In addition, the twelfth enrtKXiiment ensures no optical loss in the prism 35. 

[0323] In accordance with the twelfth embodiment, since the focus error signal FE1 2 is detected in the form of varia- 
tion in a size of the first and second beam spots 36a and 36b in a z-axis direction, and the track en-or signal component 
is detected in the form of variation in an anx)unt of a light of the first and second beam spots 36a and 36b in an x-axis 
direction, the track en-or signal conrponent is unlikely to be mixed into the focus error signal FE1 2. 

40 [0324] In the twelfth embodiment, various methods of detecting a focus error signal, a track error signal and a data 
reproducing signal may be used replacing the photodiode chip 34 with another photodiode chip, as having been 
described in the fifth ennlxxJiment in which the photodiode chip 16 in the fourth embodiment is replaced with the photo- 
diode chip 19. in the sixth emlxxliment in whicfi the photodiode chip 16 in the fourth emkxxJiment is replaced with the 
photodiode chip 20. and in the seventh embodiment in which the photodiode chip 16 in the fourth embodiment is 

45 replaced with the photodiode chip 21 . 

[0325] As the lens to be used in the twelfth embodiment, there may be used a single finite lens or a combination of a 
collimate lens and an objective lens. The combination may include a beam splitter located between the collimate lens 
and the objective lens for separating a light directing to the medium from the laser diode chip 1, or a light directing to 
the photodiode chip 34 from the medium. This ensures these lights to be parallel lights in the case that the medium is 

so located on a light-converging point of the objective lens. Hence, these lights couki be readily dealt with. 

[0326] The medium mentioned in the twelfth embodiment Includes an optical disc, an optical tape, and the like, and 
may be composed of phase-change material or photo-electro-magnetic material, for instance. 

[Thirteenth Embodiment] 

55 

[0327] Figs. 25A and 25B illustrate an optical head in accordance with the thirteenth embodiment of the present inven- 
tion. 

[0328] An optical head in accordance with the thirteenth errtoodlment is comprised of a laser diode chip 1, a sub- 



27 



EP 0 945 859 A2 



mount 5 on which the laser diode chip 1 is mounted and which keeps the laser diode chip 1 at a predetermined height, 
a lens (not illustrated) for focusing a light emitted from the laser diode chip 1 , onto a medium (not illustrated), an optical 
separator or prism 38 for separating a light reflected from the medium, from an optical axis of a light directing to the lens 
from the laser diode chip 1 , a photodiode chip 37 receiving a light separated from the optical axis by means of the prism 

5 38, a diffraction device or two-divisional grating 39 positioned in facing relation with the third outer surface 73 of the 
prism 38. and a quarter wavelength plate 25 positioned adjacent to the two-divisional grating 39. 
[0329] The optical separator or prism 38 is a square pole in shape defined by a first sidewall 410a and a second side- 
wall 410b In parallel with each other, and first, second, third and fourth outer surfaces 411, 412, 413 and 414 all per- 
pendicular to both the first and second sidewalls 410a and 410b. The first and third outer surfaces 411 and 413 are in 

10 parallel with each other. 

[0330] The prism 38 is designed to have first and second inner planes 38a and 38b both perpendicular to the first and 
second sidewalls 410a and 410b, in parallel with one another, and both indinKl relative to the first outer surface 41 1 at 
a predetermined angle of 45 degrees. 

[0331 J^The twordivisional grating 39 is designed to have first and second regions 3?a and 39b partitioned by a division 
15 line extending in a y-axis direction. 

[0332] The quarter wavelength plate 25 converts a light having passed through the third outer surface 41 3 of the prism 
38 to a circularly polarized light from a linearly polarized light, and also converts a light having been reflected from the 
medium from a circularly polarized light to a linearly polarized light having an orientation perpendicular to an original 
orientation. 

20 [0333] The photodiode chip 37 has a light-receiving plane 371 in parallel with the second outer surface 412. As illus- 
trated in Fig. 27. a front light-receiving section 415 and a rear light-receiving section 416 are formed on the light-receiv- 
ing plane 371 of the photodiode chip 37. 

[0334] With reference to Fig. 27. a light having been reflected at the first inner plane 38a and having passed through 
the second inner plane 38b fonms b^m spots 40b, 40e, 40f, 40i and 40j on the photodiode chip 37. A light having been 
25 reflected at both the first inner plane 38a and the second inner plane 38b, and having been reflects again at the first 
inner plane 38a forms beam spots 40a, 40c. 40d. 40g and 40h on the photodiode chip 37. The front light-receiving sec- 
tion 415 is associated with the beam spots 40b. 40e, 40f. 40i and 40j, and the rear light-receiving section 416 is asso- 
ciated with the beam spots 40a, 40c. 40d. 40g and 40h. 

[0335] Each of the beam spots 40c. 40e, 40h and 40j is conprised of a diffracted light emitted from the first region 
30 39a of the two-divisional grating 39, and each of the k>eam spots 40d, 40f, 40g and 40i is comprised of a diffracted light 
emitted from the second region 39b of the two-divisional grating 39. Each of the beam spots 40a and 40b is comprised 
of a transmitted light emitted from the two-divisional grating 39. 

[0336] The light-receiving sections 37ba, 37bb, 37bc. 37e. 37f, 371 and 37j constituting the front light-receiving section 
415 and the light-receiving sections 37aa, 37ab. 37ac, 37c, 37d, 37g and 37h constituting the rear light-receiving sec- 
35 tion 416 are the same in shape and arrangement as the light-receiving scions formed on the photodiode chip 22 in 
the eighth err^xxJiment illustrated in Fig. 17. 

[0337] The laser diode chip 1 is positioned so that an optical length between the laser diode chip 1 and the first inner 
plane 3te is equal to (a + b -^ 3c)/2 wherein "a" indicates an optical length between the first inner plane 38a and the 
rear light-receiving section 416, "b" indicates an optical length between the second inner plane 3Bb and the front light- 
40 receiving section 415, and "c" indicates an optical length between the first and second inner planes 38a and 38b. 
[0338] The optical head in accordance with the thirteenth embodiment operates as follows. 

[0339] A light emitted from the laser diode chip 1 artd polarize in a y-axis direction enters the prism 38 through the 
first outer surface 41 1 so that an optical axis thereof is perper^icular to the first outer surface 41 1 . Then, the light trans- 
mits through the first inner plane 38a. and leaves the prism 38 at the third outer surface 41 3 with an optical axis thereof 
45 b&ng p^pendicular to the third out©- surface 413. After passing through the two-diviaoral grating 39. the light having 
left the prism 38 is converted into a circularly polarized light in the quarter wavelength plate 25, and then, is focused 
onto the medium through the lens (not illustrated). 

[0340] The light having been reflected by the medium advances on the same optical path in an opposite direction, 
and is converted by the quarter wavelength plate 25 into a light polarized in an x-axis direction. Then, the light is sepa- 
50 rated into a diffracted light and a transmitted light in the two-divisional grating 39. Then, the transmitted light enters the 
prism 38 at the third outer surface 413 with an optical axis thereof being perpendicular to the third outer surface 413. 
[0341] Fig. 25A illustrates only the transmitted light emitted from the two-divisional grating 39, but does not illustrate 
the diffracted light. 

[0342] The light having entered the prism 38 is reflected at the first inner plane 38a. The light having been reflected 
55 at the first inner plane 38a is ref lect^j at the second inner plane 38b by half, and the remaining half of the light passes 
through the second inner plane 38b. 

[0343] The light having been reflects at the second inner plane 38b is reflected again at the first inner plane 38a, 
leaves the prism 38 at the second outer surface 412, enters the photodiode chip 37, and is received in the rear light- 
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receiving section 416. 

[0344] The light having been reflected at the first inner plane 38a and having passed through the second inner plane 
38b leaves the prism 38 at the second outer surface 412, enters the photodiode chip 37. and is received in the front 
light-receiving section 41 5. 

5 [0345] An additional light-receiving section may be formed on the sub-mount 5, similarly to the above-mentioned first 
embodiment. The formation of such an additional light-receiving section prevents variation in an amount of a light emit- 
ted from the laser diode chip 1 which variation is caused by degradation occurring with the lapse of time, or by temper- 
ature variation. 

[0346] The photodiode chip 37 may be designed to have an alignment mark or marks for accurately mounting the sub- 
10 mount 5 on the photodiode chip 37. 

[0347] TTie quarter wavelength plate 25 may be positioned at any place intermediate between the two-divisional grat- 
ing 39 and the medium. 

[0348] A focus en-or signal FE13 is obtained by a spot-size process in accordance with the following equation, based 
on signals S37aa to S37j detected at the light-receiving sections 37aa to 37j constituting the front and rear light-receiv- 
75 ing sections 415 and 416 formed on the light-receiving plane 371 of the photodiode chip 37. 

FE13 = S37aa - S37ab + S37ac - S37ba + S37bb - S37bc 

[0349] A track error signal TE20 Is obtained by a push-pull process in accordance writh the following equation. 

20 

TE20 = {S37C + S37e + S37h + S37j) - (S37d + S37f +S37g + S37I) 

[0350] A signal indicative of data to be reproduced can be obtained as a sum of tiie signals S37c. S37e. S37h. S37j. 
S37d, S37f. S37g and S37i. 

25 [0351] In accordance with the thirteenth embodiment, even if the beam spots 40a to 40j are deviated in an x-axis 
direction due to assembling errors in the laser diode chip 1 and ttie photodiode chip 37. since the photodiode chip 37 
is not formed with a division line parallel to a z-axis, there would not be generated track offset, and tiie focus error signal 
would not be influenced. 

[0352] If the two-divisional grating 39 is deviated in an x-axis direction, there would be generated track offset. How- 
30 ever, a light having been reflected at the medium could have great tolerance in an x-axis direction, because the light has 
a great diameter in the two-divisional grating 39. 

[0353] In addition, since tiie two-divisional grating 39 does not have a division line parallel to an x-axis, and is uniform 
in a y-axis direction, a tolerance in a y-axis directiorvis infinite, unless the light is not out of the two-divisional grating 39, 
[0354] If an oscillation wavelengtti of a light emitted from tiie laser diode chip 1 varies due to temperature fluctuation 
35 and so on, a diffraction angle of the diffracted light emitted from ttie two-divisional grating 39 would also vary. However, 
in the ttiirteenth anbodiment, none of the beam spots 40c to 40j is cross over a plurality of the light-receiving sections, 
and hence, is influenced by the variation in a diffraction angle of the diffracted light. 

[0355] The two-divisional grating 39 may be replaced with a hologram device having a lens function. Such a hologram 
device would provide convergence and divergence functions to the diffracted light. 

40 [0356] Each of the first and second inner planes 38a and 38b makes an angle of 45 degrees relative to the first outer 
surface 41 1 of ttie prism 38. and ttie photodiode chip 37 makes an angle of 90 degrees relative to the first outer surface 
41 1 of the prism 38. Hence, even if the sub-mount 5 would have a thickness different from a designed thickness, and 
accordingly, a light-emitting point of the laser diode chip 1 is deviated relative to ttie photodiode chip 37 in a y-axis direc- 
tion, a relative positional relation in a direction of an optical axis between the laser diode chip 1 and the photodiode chip 

45 37 remains unchanged, ensuring that there is not generated focus offset caused by the deviation in the light-e^atting 
point of the laser diode chip 1 . 

[0357] When a focus error signal is to be detected by a spot-size process, a size of a beam spot formed on the pho- 
todiode chip 37 varies to a greater degree relative to a deviation of the medium in an optical axis direction, as an optical 
length between front and rear light-converging points of ttie photodiode chip 37 positioned so that the medium is located 

50 on a light-converging point of the lens, and the photodiode chip 37 is set shorter. 

[0358] Herein, considering ttie facts that a ratio of variation in a size of a beam spot has a relation with sensitivity of 
a focus error signal, and that an optical length between the light-converging point and the photodiode chip 37 is equal 
to a half of a distance between ttie first and second inner planes 38a and 38b, it is understood that a shorter distance 
between ttie first and second inner plane 38a and 38b ensures a focus error signal, to have greater sensitivity. 

55 [0359] In ttie prism 7 in ttie above-mentioned first to ttiird embodiments, even if a distance between the first and sec- 
ond inner planes 7a and 7b is intended to narrow in order to prevent a light having been reflected at the first inner plane 
7a from being reflected again at the second inner plane 7b. there is a limitation in doing so. However, in the optical head 
in accordance witti the present embodiment, since a light is reflected twice at the first inner plane 38a in an optical patfi 
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from the medium to the photodiode chip 37, a distance between the first and second inner planes 38a and 38b can be 
narrowed to an intended degree. 

[0360] In addition, it was necessary to form the base 1 7d or 23c under the prism 1 7 or 23 in the fourth to tenth embod- 
iments. To the contrary, the thirteenth embodiment makes it no longer necessary to form a base such as the base 17d 

5 or 23c under the prism 38. ensuring enhancement in productivity of an optical head. 

[0361] Furthermore, since the optical head is no longer necessary to include a base, if an alignment mark is formed 
on the photodiode chip 37, the prism 38 can be accurately assembled on the photodiode chip 37 by aligning a line at 
which the second inner plane 38b makes contact with the photodiode chip 37, to the alignment mark. 
[0362] When a light is radiated to a prism, a light enters the prism at a plane at various incident angles, and is 

10 diverged. It is quite difficult to provide the same reflectance and transmittance to all incident angles. However, in accord- 
ance with the present embodiment, a light directing from the laser diode chip 1 to the fens is diverged only once at the 
first inner plane 38a. there would be small dispersion in an intensity profile of the light. 

[0363] In the present embodiment, the laser diode chip 1 is positioned so that an optical length between the laser 
diode cjhup 1 and the first inner Rlane 38a is egual to (a + b + 3c)/2 . as menti oned earlier Hence, an optical length d 
75 between the laser diode chip 1 and frie first outer surface 41 1 is equal to c/2, which means that a big gap is formed ther- 
ebetween. As a result, even if the laser diode chip 1 is assembled slightly out of place, it would be possible to keep the 
laser diode chip 1 from making abutment with the prism 38. 

[0364] In accordance with the present embodiment, since the laser diode chip 1 emits a light in parallel with the pho- 
todiode chip 37. an optical head can be designed to have a reduced thickness equal to a sum of thicknesses of the 
20 prism 38 and the photodiode chip 37. 

[0365] In addition, the present embodiment ensures no optical loss in the prism 38. 

[0366] In accordance with the present enrtoodiment. since the focus error signal FE13 is detected in the form of vari- 
ation in a size of the beam spots 40a and 40b in a z-axis direction, and the track error signal component is detected in 
the form of variation in an amount of a light of the beam spots 40a and 40b in an x-axis direction, the track error signal 

25 conponent is unlikely to be mixed into the focus error signal FE13. 

[0367] In the thirteenth embodiment, various methods of detecting a focus en-or signal, a track error signal and a data 
reproducing signal may be used by replacing the photodiode chip 37 with another photodiode chip, as having been 
described in the ninth embodiment in which the photodiode chip 22 in the eighth emtXKliment is replaced with the pho- 
todiode chip 27. and in the tenth embodiment in which the photodiode chip 22 in the eighth embodiment is replaced with 

30 the photodiode chip 28. 

[0368] As the lens to be used in the eleventh embodiment there may be used a single finite lens or a combination of 
a collimate lens and an objective lens. The combination may include a beam splitter located between the collimate lens 
and the objective lens for separating a light directing to the medium from the laser diode chip 1 . or a light directing to 
the photodiode chip 37 from the m^ium. This ensures these lights to be parallel lights in the case that the medium is 

35 located on a light-converging point of the objective lens. Hence, these lights couki be readily dealt with. 

[0369] The medium mentioned in the present embodiment includes an optfoal disc, an optical tape, and the like, and 
may be composed of phase-change material or photo-electro-magnetic material, for instance. 
[0370] The twoKJivisional grating 39 may be comprise of a device conposed off lithium niobate crystal on which a 
grid-like slit is formed in d^endence on whether proton is exchanged or not. Namely, the two-divisional grating 39 uti- 

40 lizes the fact tl^t an index ellipsoid is deformed, if proton exchange is applied to lithium niobate crystal, A phase differ- 
ence between dielectric films deposited on a region to which proton exchange is applied, and a portion to which proton 
exchange is not applied is multipli^ by Ntc for a light polarized in a y-axis direction, and is set ^i^l to an appropriate 
value for a light polarized in an x-axis direction, wherein N is an even integer and n is irKlicated in a unit of radian. As a 
result, the two-divisional grating 39 can be designed to allow a light polarized in a y-axis direction to pass therethrough, 

45 and a light polarized in an x-axis direction to diffract and pass therethrough. 

[Fourteenth Embodiment] 

[0371] An optical head in accordance with the fourteenth embodiment has almost the same structure as the structure 
50 of the optical head in accordance with the thirteenth embodiment, but is different only in that the two-divisional grating 

39 is replaced with a two-divisional grating 41 , and that the photodiode chip 37 is replaced with a photodiode chip 42. 

[0372] Fig. 28 is a right side view of the two-divisional grating 41 . As illustrate in Rg. 28. the two-divisional grating 

41 is designs! to have first and secorKl regions 41a and 41b partitioned by a horizontal division line. 

[0373] As illustrate in Fig. 29, the photodiode chip 42 has a light-receiving plane 421 in parallel with the second outer 
55 surface 72. A front light-receiving section 417 and a rear light-receiving section 418 are formed on the light-receiving 

plane 421 . 

[0374] With reference to Fig. 29. a light having been reflected at the first Inner plane 38a and having passed through 
the second inner plane 38b fornrts five beam spots 43b. 43e. 43f. 43i and 43j on the photodiode chip 42. A light having 
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been reflected at both the first and second inner planes 38a and 38b and having been reflected again at the first inner 
plane 38a forms five beam spots 43a, 43c, 43d. 43g and 43h on the photodiode chip 42. The beam spots 43d, 43f 43g 
and 43i are comprised of a diffracted light emitted from the first region 41a of the two-divisional grating 41. and the 
beam spots 43c. 43e, 43h and 43j are comprised of a diffracted light emitted from the second region 41b of the two- 
5 divisional grating 41 . The beam spots 43a and 43b are comprised of a transmitted light passing through the two<iivi- 
sional grating 41 . 

[0375] The beam spots 43c. 43d. 43g and 43h are all semicircular in shape, and are positioned radially around the 
beam spot 43a which is circular in shape. Similarly, the beam spots 43e. 43f. 43i and 43j are ail semicircular in shape, 
and are positioned radially around the beam spot 43b which is circular in shape. In the rear light-receiving section 418. 
10 the beam spots 43g and 43h are positioned so that the arcuate portions of them face each other, and the beam spots 
43c and 43d are positioned so that the linear portions of them face each other. In the front light-receiving section 417, 
the beam spots 43i and 43] are positioned so that the linear portions of them face each other, and the beam spots 43e 
and 43f are positioned so that the arcuate portions of them face each other. 

[0376] The front light-receiving section 41 7 is associated with the beam spots 43b, 43e. 43f, 43i and 43j, and the rear 
15 ligtit-receiving section 418 is associated with the beam spots 43a, 43c, 43d, 43g and 43h. 

[0377] As illustrated in Fig. 29, the front light-receiving section 41 7 is comprised of f iye rectangular light-receiving sec- 
tions each located around each of the beam spots 43b, 43e. 43f. 43i and 43j. Around the circular beam spot 43b are 
formed three light-receiving sections 42ba, 42bb and 42bc partitioned by two division lines both parallel to an optically 
tangential direction of the medium. Around the semicircular beam spots 43e, 43f, 43i and 43j are formed rectangular 
20 light-receiving sections 42e, 42f, 42i and 42j, respectively. 

[0378] Similarly, the rear light-receiving section 418 is comprised of five rectangular light-receiving sections each 
located around each of the beam spots 43a. 43c, 43d. 43g and 43h. Around the circular beam spot 43a are formed 
three light-receiving sections 42aa, 42ab and 42ac partitioned by two division lines both parallel to an optically tangen- 
tial direction of the medium. Around the semicircular beam spots 43c, 43d. 43g and 43h are formed rectangular light- 
25 receiving secttons 42c. 42d, 42g and 42h, respectively 

[0379] A focus error signal FE1 4 is obtained by a spot-size process in accordance with the following equation, based 
on signals S42aa to S42j detected at the light-receiving sections 42aa to 42j constituting the front and rear light-receiv- 
ing sections 417 and 418 formed on the light-receiving plane 371 of the photodiode chip 42. 

30 FE1 4 = S42aa - S42ab + S42ac - S42ba + S42bb - S42bc 

[0380] A track error signal TE21 is obtained by a push-pull process in accordance with the following equation. 

TE21 = (S42c + S42e + S42h + S42j) - (S42d + S42f + S42g + S42i) 

35 

[0381 ] A signal indicative of data to be reproduced can be obtained as a sum of the signals S42c. S42e. S42h. S42j, 
S42d. S42f. S42g and S42i. 

[0382] In accorclance with the present embodiment, even if the beam spots 43a to 43j are deviated in an x-axis direc- 
tion due to assembling enrors in the laser diode chip 1 and the photodiode chip 42. since the photodiode chip 42 is not 
40 formed with a division line parallel to a z-axis. there would not be generated track offset, and the focus en-or signal would 
not l>e influenced. 

[0383] If the two-dvisional grating 41 is deviated in an x-axis direction, there would be generated track offset. How- 
ever, a light having been reflected at the medium could have great tolerance in a y-axis direction, because the light has 
a great diameter in the two-divisional grating 41 . 
45 [0384] In addition, since the two-divisional grating 41 does not have a division line parallel to a y-axis. and is uniform 
in an x-axis direction, a tolerance in an x-axis direction is infinite, unless the light is not out of the two-divisional grating 
41. 

[0385] If an oscillation wavelength of a light emitted from the laser diode chip 1 varies due to temperature fluctuation 
and so on, a diffraction angle of the diffracted light emitted from the two-divisional grating 41 would also vary However, 
so in the present embodiment, none of the beam spots 43c to 43j is cross over a plurality of the light-receiving sectiore, 
and hence, is influenced by the variation in a diffraction angle of the diffracted light. 

[0386] The two-divisional grating 41 is uniform in an x-axis direction, however, may be replaced with a hologram 
device having a lens function. Such a hologram device would provide convergence and divergence functions to the dif- 
fracted light. 

55 [0387] In accordance with the fourteenth embodiment, since the laser diode chip 1 emits a light in parallel with the 
photodiode chip 42. an optical head can be designed to have a reduced thickness equal to a sum of thicknesses of the 
prism 38 and the photodiode chip 42. 

[0388] In addition, the present embodiment ensures no optical loss in the prism 38. 
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[0389] In accordance with the present embodiment, since the focus error signal FE14 is detected in the form of vari- 
ation in a size of the first and second beam spots 43a and 43b in an x-axIs direction, and the track error signal compo- 
nent is detected in the form of variation in an amount of a light of the first and second beam spots 43a and 43b in a z- 
axis direction, the track error signal component is unlikely to be mixed into the focus error signal FE14. 

5 [0390] As is obvious in comparison of Fig. 29 to Fig. 27, the photodiode chip 42 in the fourteenth embodiment can be 
obtained by rotating the light-receiving sections of the photodiode chip 37 in the thirteenth embodiment around an opti- 
cal axis thereof without any linear displacement. In the above-mentioned first to twelfth embodiments as well as the 
present embodiment, there may be used a photodiode chip which is obtained by rotating the light-receiving sections of 
the photodiode chip in each of the embodiments around an optical axis thereof without any linear displacement. 

10 [0391] The two-divisional grating 41 may be comprised of a device composed of lithium niobate crystal on which a 
grid-like slit is formed in d^endence on whether proton is exchanged or not. Namely, the two-divisional grating 41 uti- 
lizes the fact that an index ellipsotd is deformed, if proton exchange is applied to lithium niobate crystal. A phase differ- 
ence between dielectric films deposited on a region to which proton exchange Is applied, and a portion to which proton 
exchange is_not applL©dJs multiplied by Js!n for ajight polarized In a y-axis direction, and Is set equal tp an appropriate 

75 value for a light polarized in an x-axis direction, wherein N is an even integer and n is indicated in a unit of radian. As a 
result, the two-divisional grating 41 can be design^ to allow a light polarized in a y-axis direction to pass therethrough, 
and a light polarlz^ in an x-axis direction to diffract and pass therethrough. 

[Fifteenth Embodiment] 

20 

[0392] An optical head in accordance with the fifteenth embodiment has almost the same structure as the structure 
of the optical head in accordance with the thirte^h embodiment, but is different only in that the photodiode chip 37 is 
replaced with a photodiode chip 44. Rg. 30 is a plan view of the photodiode chip 44. 

[0393] The photodiode chip 44 in the fifteenth embodiment can be obtained by rotating the light-receiving sections 
25 37aa, 37ab and 37ac, and 37ba, 37bb and 37bc of the phc^odiode chip 37 in the thirteenth embodiment around an opti- 
cal axis thereof by 90 degrees without any linear di^lacement 

[0394] With reference to Fig. 30. a light having been reflects at both the first and second inner planes 38a and 38b. 
and having been reflected again at the first Inner plane 38a forms five beam spots 40a. 40c. 40d. 40g and 40h on the 
photodiode chip 44. A light having been reflected at the first inner plane 38a and having passed tfirough tfie second 

30 inner plane 38b fornns five beam spots 40b. 40e. 40f. 40i arxl 40j on the photodiode chip 44. 

[0395] The beam spots 40d. 40f 40g and 40i are corrprised of a diffracted light emitted from the first region 39a of 
the two-divisional grating 39, and the beam spots 40c, 40e. 40h and AOi are comprised of a diffracted light emitted from 
the second region 39b of the two-divisional grating 39. The beam spots 40a and 40b are comprised of a transmitted 
light passing through the two-divisional grating 39. 

35 [0396] A focus error signal FE1 5 is obtained by a spot-size process in accordance witii the following equation, based 
on signals S44aa to S44j detects at the light-receiving sections 44aa to 44j constituting tiie front and rear light-receiv- 
ing sections 419 and 420 formed on a light-r^eiving plane of the photodiode chip 44. 

FE15 = S44aa - S44ab + S44ac - S44te + S44bb - S44bc 

40 

[0397] A track error signal TE22 is obtained by a push-pull process in accordance with the following equation. 

TE22 = (S44c + S44e + S44h + S440 - (S44d + S44f + S44g + S44i) 

45 [0398] A signal indicative of data to be reproduce can be obtain^ as a sum of the signals S44c, S44e. S44h, S44j , 
S44d. S44f. S44g and S44i. 

[0399] In accordance with the present embodiment, even if the beam spots 40a to 40j are deviated in a z-axis direction 
due to assembling errors in the laser diode chip 1 and the photodiode chip 44, since the photodiode chip 44 is not 
formed with a division line parallel to an x-axis, there would not be generated track offset, and the focus error signal 
so would not be influenced. 

[0400] If tiie two-divisional grating 39 is deviated in an x-axis direction, there would be generated track offset. How- 
ever, a light having been reflected at the medium could have great tolerance in a y-axis direction, because the light has 
a great diameter in the two-divisional grating 39. 

[0401] In addition, since the two-divisional grating 39 does not have a division line parallel to an x-axis. and is uniform 
55 in a y-axis direction, a tolerance in a y-axis direction is infinite, unless the light is not out of the two-<livisional grating 39. 
[0402] If an oscillation wavelengtii of a light emitted from the laser diode chip 1 varies due to tenrperature fluctuation 
arKi so on. a diffraction angle of the diffracted light emitted from the two-divisional grating 39 would also vary. However, 
in ttie preserrt embodiment, none of tiie beam spots 40c to 40j is aoss over a plurality of the light-receiving sections. 
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and hence, is influenced by the variation in a diffraction angle of the diffracted light. 

[0403] The two-divisional grating 39 is uniform in a y-axis direction, however, may be replaced with a hologram device 
having a lens function. Such a hologram device would provide convergence and divergence functions to the diffracted 
light. 

5 [0404] In accordance with the present embodiment, since the laser diode chip 1 emits a light in parallel with the pho- 
todiode chip 44. an optical head can be designed to have a reduced thickness equal to a sum of thicknesses of the 
prism 38 and the photodiode chip 44. 

[0405] In addition, the present embodiment ensures no optical loss in the prism 38. 

[0406] As mentioned earlier, the photodiode chip 44 in the fifteenth embodiment is obtained by rotating the light- 
10 receiving sections in the thirteenth embodiment around an optical axis of each of the light-receiving sections. Since the 

focus error signal FE15 is detected in the form of variation in a size of the first and second beam spots 40a and 40b in 

an X-axis direction, and the track error signal component is detected in the form of variation in an amount of a light of 

the first and second beam spots 40a and 40b in an x-axis direction, the track en-or signal component is unlikely to be 

mixed into the focus error signal FE15. 
75 [0407] In the above-mentioned twelfth to fourteenth embodiments, there may be used a photodiode chip which is 

obtained by rotating the light-receiving sections of the photodiode chip in each of the enr±>odiments around an optical 

axis thereof without any linear displacement. 

[Sixteenth Embodiment] 

20 

[0408] Figs. 31 A and 31 B illustrate an optical head in accordance with the sixteenth emkxxiiment. The optical head 
in accordance with the sixteenth embodiment has almost the same structure as the structure of the optical head in 
accordance with the thirteenth embodiment, but is different only in that the sub-mount 5 is replaced with a Si heat sink 
47. the photodiode chip 37 is replaced with a photodiode chip 48. and the prism 38 is replaced with a prism 49. 

25 [0409] An optical head in accordance with the sixteerrth embodiment is comprised of a laser diode chip 1 . a Si heat 
sink 47 on which the las©* diode chip 1 is mounted and which keeps the laser diode chip 1 at a predetermined height, 
a lens (not illustrated) for focusing a light emitted from the laser diode chip 1 . onto a medium (not illustrated), an optical 
separator or prism 49 for separating a light reflected from the medium, from an optical axis of a light directing to the lens 
from the laser diode chip 1 , a photodiode chip 48 receiving a light separated from the optica! axis by means of the prism 

30 49, a diffraction device or two-divisional grating 39 positioned in facing relation with the third outer surface 73 of the 
prism 49. and a quarter wavelength plate 25 positioned .adjacent to the two-divisional grating 39. 
[041 0] The optical separator or prism 49 is a square pole in shape defined by a first sidewall 500a and a second side- 
wall 500b in parallel with each other, and first, second, third and fourth outer surfaces 501 . 502. 503 and 504 all per- 
pendicular to both the first and second sidewalls 500a and 500b. The first and third outer surfaces 501 and 503 are in 

35 parallel with each other. 

[041 1 ] The prism 49 is designed to have first and second inner planes 49a and 49b both perpendicular to the first and 
second sidewalls 500a and 500b, in parallel with one another, and both inclined relative to the first outer surface 502 at 
a predetermined angle of 45 degrees. 

[041 2] A reflection miaor 49c is nrx)unted on the fourth outer surface 504 of the prism 504. 
40 [041 3] The two-divisional grating 39 is designed to have first and second regions 39a and 39b partitioned by a division 
line extending in a y-axis direction, similarly to one illustrated in Fig. 26. 

[041 4] The quarter wavelength plate 25 converts a light having passed through the third outer surface 73 of the prism 
49 to a circularly polarized light from a linearly polarized light, and also converts a light having been reflected from the 
medium from a circularly polarized light to a linearly polarized light having an orientation perpendicular to an original 
45 orientation. 

[041 5] The photodiode chip 48 has a light-receiving plane 481 in parallel with the second outer surface 502. As illus- 
trated in Fig. 31 B, two electrodes 48b and 48c are formed on the light-receiving plane 481 . The electrode 48b is formed 
just below the Si heat sink 47. The electrode 48c is located adjacent to the electrode 48b without making contact with 
the Si heat sink 47. The laser diode chip 1 is in electrical connection with the electrode 48c through a bonding wire 46. 

50 [041 6] A front light-receiving section, a rear light-receiving section and a central light-receiving section 48a are formed 
on the light-receiving plane 481 of the photodiode chip 48. The central light-receiving section 48a is located at the 
center k>etween the front and rear light-receiving sections. The front and rear light-receiving sections are the same in 
shape and arrangement as the front light-receiving section 415 and the rear light-receiving section 416 of the photodi- 
ode chip 37 illustrated in Fig. 27. In brief, the light-receiving sections formed on the light-receiving plane 481 of the pho- 

55 todiode chip 48 is comprised of the light-receiving sections formed on the light-receiving plane of the photodiode chip 
37 and the central light-receiving section 48a. 

[041 7] The laser diode chip 1 is positioned so that an optical length between the laser diode chip 1 and the first inner 
plane 49a is equal to (a + b + 3c)/2 wherein "a" indicates an optical length between the first inner plane 49a and the 
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rear light-receiving section, "b" indicates an optical length between the second inner plane 49b and the front light- 
receiving section, and "c" indicates an optical length between the first and second inner planes 49a and 49b. 
[0418] The optical head in accordance with the sixteenth embodiment operates as follows. 

[0419] A light emitted from the laser diode chip 1 and polarized in a y-axis direction enters the prism 49 through the 
5 first outer surface 71 so that an optical axis thereof is perpendicular to the first outer surface 71 . The light is reflected at 
the first inner plane 49a by p%. and the light passes through the first inner plane 49a by (100 - P)%. 
[0420] The light having been reflected at the first inner plane 49a is reflected at and collected by the reflection mirror 
49c. Though there is generated a loss of p% at the first inner plane 49a. the light having been emitted from the laser 
diode chip 1 passes through the second inner plane 49 by (100 - p)p/100%, and enters the photodiode chip 48. A beam 
10 spot 50a formed by the light having entered the photodiode chip 48 Is detected by the central light-receiving section 48a 
of the photodiode chip 48. which would ensure prevention in variation in an amount of a light emitted from the laser 
diode chip 1 which variation is caused by degradation with the lapse of time and temperature variation. That is. it is pos- 
sible to accurately control an amount of a light to be emitted from the laser diode chip 1. because a portion of a light 
collected.onto the.medium is s^arated to detect _ ^ _ . _ 

15 [0421] The photodiode chip 48 provides power to the laser diode chip 1 through both the electrode 48b on which the 
Si heat sink 47 is mounted and the electrode 4dc making electrical contact with the laser diode chip 1 through the bond- 
ing wire 46. 

[0422] It is not necessary for the Si heat sink 47 to have light-receiving sections unlike the sub-mount 5. Hence, the 
Si heat sink 47 may be composed of electrically conductive silicon entirely covered with an electrode conposed of 

20 Ti/Pt/Au/Sn by evaporation, ensuring lower fabrication cost than the sub-mount 5. 

[0423] In the sixteenth embodiment, a method of detecting an amount of a light emitted from the laser diode chip 1 is 
improved in comparison with the thirteenth embodiment illustrated in Figs. 25A and 25B. The improvement provided by 
the sixteenth embodiment can be applied to the above-mentioned first to twelfth, fourteenth and fifteenth enrtxxllments. 
[0424] The above-mentioned constant p can be selects among figures in the range of 0 to 100 both inclusive. For 

25 instance, the constant p may be set equal to 4 or 10. It is preferr^ to select a smaller value as the constant p for the 
purpose of power saving, as long as it is pc^sible to stably control an amount of a light emitted from the laser diode chip 
1. 

[Seventeentth Embodiment] 

30 

[0425] Fig. 32 Illustrates an optical head in accordance with the seventeenth embodiment. An optical head in accord- 
ance with the seventeenth embodiment has almost the same structure as the structure of the optical head in accord- 
ance with the sxteenth embodiment, but is different only in that the laser diode chip 1 is replaced with a laser diode chip 
2, and that the prism 49 is replaced with a prism 51 . 

35 [0426] The laser diode chip 2 emits TE polarized light. The optical head in accordance with the seventeenth embod- 
iment further includes a half-wave plate 51a adhered to the first outer surface 506 of the prism 51 . 
[0427] The laser diode chip 1 emits TM polarized Sight, whereas the laser diode chqD 2 emits TE polarize light. Hence, 
a light polarized in an x-axis direction, emitted from the laser diode chip 2. is converts into a light polarize in a y-axis 
direction by means of the half-wave plate 51 a located adjacent to the prism 51 . 

40 [0428] The seventeenth embodiment Is different from the sixteenth embodiment only in that the half-wave plate 51 a 
is provide in accorc^nce with a direction of polarization of a light emitted from a laser diode chip. A half-wave plate 
may be form^ Integrally with a prism in accordance with a direction of polarization of a light emrtt^ from a laser diode 
chip, also in the above-mentioned first to fifteenth embodiments. 

45 lEiQM.eeMh Enrtbodimemilt] 

[0429] Rgs. 33A and 33B illustrate an optical head in accordance with the eighteenth emtxxiiment. An optical head 
in accordance with the eighteenth emt>odiment has almost the same structure as the structure of the optical head in 
accordance with the sixteenth enrdx»diment, but is different only in that the laser diode chip 1 is replaced with a laser 
50 diode chip 2, the Si heat sink 47 Is replaced with an AIM heat sink 53. and the photodiode chip 48 is replaced with a 
photodiode chip 54. 

[0430] The laser diode chip 2 emits TE polarized light. In the eighteenth emt>odiment. the laser diode chip 2 is 
mount^j on a sidewall 531 of the AIN heat sink 53. That is. the laser diode chip 2 is mounted with being rotated by 90 
degrees In an x-y plane in conparison with the laser diode chip 1 in the sixteenth embodiment illustrated in Rgs. 31 A 
55 and 31 B. 

[0431] On the photodiode chip 54 are formed a first electrode 54a and a STOond electrode 54b. The AIN heat sink 53 
is mounted on the photodiode chip 54 cross over both the first and second electrodes 54a and 54b. As illustrated in Rg. 
33A. the AIN heat sink 53 is formed at the sidewall 531 thereof with a third electrode 53a making electrical contact with 
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the first electrode 54a and a fourth electrode 53b making electrical contact with the second electrode 54b. 
[0432] The laser diode chip 2 is mounted on the sidewall 531 of the AIN heat sink 53 in electrical connection with the 
third electrode 53a. The laser diode chip 2 Is in electrical connection with the fourth electrode 53b through a bonding 
wire 52. 

5 [0433] The laser diode chip 1 emits TM polarized light, whereas the laser diode chip 2 emits TE polarized light. Hence, 
the laser diode chip 2 is kept in rotation by 90 degrees in an x-y plane relative to the laser diode chip 1 , ensuring that a 
light polarized in an x-axis direction, emitted from the laser diode chip 2. is converted into a light polarized in a y-axis 

direction. 

[0434] The photodiode chip 54 supplies power to the AIN heat sink 53 through the first and second electrodes 54a 
10 and 54b formed on the photodiode chip 54 and further through the third and fourth electrodes 53a and 53b formed at 
the sidewall 531 of the AIN heat sink 53. Then, the AIN heat sink 53 supplies power to the laser diode chip 2 through 
the third electrode 53a on which the laser diode chip 2 is mounted and the fourth electrode 53b making electrical con- 
tact to the laser diode chip 2 through the bonding wire 52. 

[0435] The eighteenth embodiment is different from the sixteenth embodiment only in that the laser diode chip 2 is 
15 kept in rotation in accordance with a direction of polarization of a light emitted therefrom. A laser diode chip may be 
mounted onto a sub-mount or a heat sink with being kept in rotation in accordance with a direction of polarization of a 
light emitted therefrom, also in the above-mentioned first to fifteenth embodiments. 

[Nineteenth Embodiment] 

20 

[0436] Figs. 34A and 34B rflustrate an optical head in accordance with the nineteenth embodiment of the present 
invention. 

[0437] The optical head tn accordance with the nineteenth embodiment includes an improvement to the optical head 
in accordance with the eleventh embodiment illustrated in Figs. 21 A and 21 B in order to allow the laser diode chip 55 
25 to emit a light polarized n ar>y dvection. rxjt to be influenced even when the medium is composed of material having 
birefringence, and to separate a part of a hght focused in the medium. 

[0438] The optical head n accordance with the nineteenth embodiment is comprised of a laser diode chip 55. a Si 
heat sink 47 on which the laser dKXJe chp 55 is mounted and which keeps the laser diode chip 55 at a predetermined 
height, a lens (not illustrated) for iocusing a light emitted from the laser diode chip 1 , onto a medium (not Illustrated), an 
30 Optical separator or prism 57 kx separating a light reflected from the medium, from an optical axis of a light directing to 
the lens from the laser diode chp 55. a photodiode chip 56 receiving a light separated from the optical axis by means 
of the prism 57, and a ref iection mirror 57c mounted on the prism 57. 

[0439] The optical separator or prism 57 is a s(^are pole in shape defined by a first sidewall 51 Oa and a second side- 
wall 510b in parallel with each other, and first, second, third and fourth outer surfaces 51 1 . 512. 513 and 514 all p>er- 
35 pendlcular to both the frst and secorxJ sidewalls 510a and 510b. The first and third outer surfaces 51 1 and 513 are in 
parallel with each other. 

[0440] The prism 57 is designed to have first and second inner planes 57a and 57b both perpendicular to the first and 
second sklewalls 510a and 5i0b. in parallel with one another, and both inclined relative to the first outer surface 51 1 at 
a predetermined angle of 45 degrees. 
40 [0441] The laser diode chf> 55 is n electrical connection with the photodiode chip 56 through a t>onding wire 46. 
[0442] A photodiode chip 56 has a light-receiving plane 561 in parallel with a second outer surface 512. As illustrated 
in Fig. 35. a front light-receivtng section 515, a rear light-receiving section 516 and a central light-receiving section 56o 
are formed on the light-recervmg plane 561 of the photodiode chip 56. 

[0443] With reference to Fig 35. a light having been reflected at the first inner plane 57a and having passed through 
45 the secOTKl inner plane 57b forms a beam spot 58b on the photodiode chip 56. A ligfit having been reflected at both the 
first inner plane 57a and the second inner plane 57b. and having been reflected again at the first inner plane 57a forms 
a beam spot 58a on the photodiode chip 56. A light having been reflected at the first inner plane 57a and having been 
reflected again at the ref lecton mirror 57c forms a beam spot 58c on the photodiode chip 56. The front light-receiving 
section 515. the rear light-receiving section 516 and the central light-receiving section 56o are associated with the 
so beam spots 58b, 58a and 58c respectively 

[0444] As illustrated in Fig 35. the front light-receiving section 515 is comprised of six light-receiving sections 56g. 
56h, 561. 56j, 56k and 561 decried by a division line 56n parallel to an optically tangential direction of the medium, and 
two division lines both parallel to an optically radial direction of the medium. 

[0445] Similarly, the rear light-receiving section 516 is comprised of six light-receiving sections 56a, 56b, 56c, 56d, 
55 56e and 56f defined by a division line 56m parallel to an optically tangential direction of the medium, and two division 
lines both parallel to an optically radial direction of the medium. 

[0446] The central light-recervtng section 56o is conprised of a single rectangular light-receiving section. 

[0447] The front light-receiving section 515. the rear light-receiving section 516, arKi the central light-receiving section 
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560 are arranged in parallel with one another. The central light-receiving section 56o is located closer to the rear light- 
receiving section 516 than the front light-receiving section 515. 

[0448] The optical head in accordance with the nineteenth embodiment operates as follows. 
[0449] A light emitted from the laser diode chip 55 enters the prism 57 through the first outer surface 514 so that an 
5 optical axis thereof is perpendicular to the first outer surface 514. The light is reflected at the first inner plane 57a by 
y%, and the light passes through the first inner plane 57a by (100 - y)%. 

[0450] The light having been reflected at the first inner plane 57a is reflected at and collected by the reflection mirror 
57c. Though there is generated a loss of y% at the first Inner plane 57a, the light having been emitted from the laser 
diode chip 55 enters the photodiode chip 56 by (100 - y)y/100%, and is received in the central light-receiving section 
10 56o. 

[0451] The light having passed through the first inner plane 57a is focused onto the medium through the lens (not 
illustrated). The light having been reflected at the medium advances the same optical path in an opposite direction, and 
is reflected at the first inner plane 57a by y%. The light having been reflects at the first inner plane 57a is reflected 
again at the second inner plane 57b by-10000/(y + 100)% . and passes through the second inner plane^57b by 100y/(y 
75 + 100)%. 

[0452] The light having been reflected at the second inner plane 57b is reflected at the first inner plane 57a by y%p 
enters the photodiode chip 56, and is received in the rear light-receiving section 516. 

[0453] The light having passed through the second inner plane 57b enters the photodiode chip 56. and Is received in 
the front light-receiving section 515. 
20 [0454] A focus en-or signal FE1 9 is obtained by a spot-size process in accordance with the following equation, based 
on signals S56a to S56I and S56o detected at the light-receiving sections 56a to 561 and 56o conslituling the front, rear 
and central light-receiving sections 515,516 and 56o formed on the light-receiving plane 561 of the photodiode chip 56. 

FE19 = (S56a + S56c + S56k) - (S56b + S56j + S56I) + (S56d + S56f + S56h) - (S56e + S56g + S56i) 

25 

[0455] A track error signal TE22 Is obtained by a push-pull process in accordance with the following equation. 

TE22 = (S56a + S56C + S56k) + (S56b + S56i + S56I) - (S56d + S56f + S56h) - (S56e + S56g + S56i) 

30 [0456] A signal indicative of data to be reproduced can be obtained as a sum of the signals S56a to S56I. 

[0457] It is possible to accurately control an amount of a light to be emitted from the laser diode chip 56 r^ardless of 
degradation with the lapse of tme and temperature variation by virtue of the signal S56o obtained by s^rating a por- 
tion of a light collected onto the m^ium. 

[0458] The photodiode chip 56 provides power to the laser diode chip 55 through both an electrode 56p on which the 
35 Si heat sink 47 Is mounted and an electrode 56q making electrical contact with the laser diode chip 56 through the 
bonding wire 46. 

[0459] It is not necessary for the Si heat sink 47 to have light-receiving sections unlike the sub-mount 5. Hence, the 
Si heat sink 47 nriay be composed of electrically conductive silicon entirely covered with an electrode composed of 
Ti/Pt/Au/Sn by evaporation, ensuring lower fabrication cost than the sub-mount 5. 

40 [0460] The laser diode chip 55 and the photodiode chip 56 are f ix^ly installed in such a position that the beam spot 
58a Is uniformly divided by the a division line 56m partitioning the light-receiving sections 56a. 56b and 56c from the 
light-receiving scions 56d. 56e and 56f. and that the beam ^t 58b is uniformly divided try a division line 56n parti- 
tioning the light-receiving Sections 56g. 56h and 561 from the light-receiving sections 56j, 56k and 561. 
[0461] However, the beam spots 58a and 58b deviate in an x-axis direction, if the laser diode chip 55 and the photo- 

45 diode chip 56 are assented containing assembling error therein. In accordance with the present en^odiment. even if 
such assen±»ling en-or exists in the laser diode chip 55 and the photodiode chip 56. - (S56g + S56h + S56I) + (S56j + 
S56k + S56I) is decreased (or Increased) to a degree to which (S56a + S56b + S56c) - (S56d + S56e + S56f) is 
increased (or decreased). Hence, they are cancelled with each other, ensuring no track offset. 

[0462] Each of the first and second inner planes 57a and 57b makes an angle of 45 degrees relative to the first outer 
so surface 51 1 of the prism 57, and the photodiode chip 56 makes an angle of 90 degrees relative to the first outer surface 
51 1 of the prism 57. Hence, even if the SI heat sink 47 would have a thickness different from a designed thickness, and 
accordingly, a light-emitting point of the laser diode chip 55 is deviated relative to the photodiode chip 56 in a y-axfe 
direction, a relative positional relation in a direction of an optical axis between the laser diode chip 55 and the photodi- 
ode chip 56 remains unchanged, ensuring that there is not generated focus offset caused by the deviation in the light- 
55 emitting point of the laser cGode chip 55. 

[0463] When a focus error signal is to be detected by a spot-size process, a size of a beam spot formed on the pho- 
todiode chip 56 varies to a greater degree relative to a deviation of the medium in an optical axis direction, as an optical 
length between front and rear light-converging points of the photodiode chip 56 positioned so that the medium is located 
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on a light-converging point of the lens, and the photodiode chip 56 is set shorter. 

[0464] Herein, considering the facts that a ratio of variation in a size of a beam spot has a relation w^ith sensitivity of 
a focus error signal, and that an optical length between the light-converging point and the photodiode chip is equal to a 
half of a distance between the first and second inner planes 57a and 57b, it is understood that a shorter distance 

5 between the first and second inner plane 57a and 57b ensures a focus error signal, to have greater sensitivity. 

[0465] In the prism 7 in the above-mentioned first to third embodiments, even if a distance between the first and sec- 
ond Inner planes 57a and 57b Is intended to narrow in order to prevent a light having been reflected at the first inner 
plane 7a from being reflected again at the second inner plane 7b, there is a limitation in doing so. However, a distance 
between the first and second inner planes 57a and 57b can be narrowed to an Intended degree, because a light is 

10 reflected twice at the first Inner plane 57a in an optical path from the medium to the photodiode chip 56. 

[0466] In addition, it was necessary to form the base 1 7d or 23c under the prism 1 7 or 23 in the fourth to tenth embod- 
iments. To the contrary, the nineteenth embodiment makes it no longer necessary to form a base such as the base 1 7d 
or 23c under the prism 57, ensuring er^ancement in productivity of an optical head. 

[0467] Furthermore, since the optical head is no longer necessary to include a base, if an alignment mark is formed 
15 on the photodiode chip 56. the prism 57 can be accurately assembled on the photodiode chip 56 by aligning a line at 
which the second inner plane 57b makes contact with the photodiode chip 56. to the alignment mark. 
[0468] When a light is radiated to a prism, a light enters the prism at a plane at various incident angles, and Is 
diverged. It is quite difficult to provide the same reflectance and transmrttance to all incident angles. However, in accord- 
ance with the present embodiment, a light directing from the laser diode chip 55 to the lens is diverged only once at the 
20 first inner plane 57a. there would be small dispersion In an intensity profile of the light 

[0469] In the present embodiment, the laser diode chip 55 is positioned so that an optical length between the laser 
diode chip 55 and the first inner plane 57a is equal to (a + b + 3c)y2 . wherein "a" indicates an optical length between 
the first inner plane 57a and the rear light-receiving section 516. "b" indicates an optical length between the second 
inner plane 57b and the front light-receiving section 515, and "c" indicates an optical length between the first and sec- 
25 ond inner planes 57a and 57b. Hence, an optical length d between the laser diode chip 55 and the first outer surface 
51 1 is equal to c/2, which means that a big gap is formed therebetween. As a result, even if the laser diode chip 55 is 
positioned slightly out of place In assenrtrfing. it would be possible to keep the laser diode chip 55 from making abutment 
with the prism 57. 

[0470] In accordance with the present emtxxliment. since the laser diode chip 55 emits a light in parallel with the pho- 
30 todiode chip 56, an optical head can be designed to have a reduced thickness equal to a sum of thicknesses of the 
prism 57 and the photodiode chip 56. 

[0471 ] In accordance with the present embodiment, since the focus error signal FE1 9 is detected In the form of vari- 
ation in a size of the beam spots 58a and 58b in a z-axis direction, and the track error signal component Is detected in 
the form of variation in an amount of a light of the beam spots 58a and 58b in an x-axis direction, the track error signal 
35 component is unlikely to be mixed into the focus error signal FE19. 

[0472] The nineteenth embodiment allows the laser diode chip 55 to emit a light polarized in any direction, and is not 
influenced even when the medium Is conposed of material having birefringence. 

[0473] In the nineteenth embodiment, various methods of detecting a focus enror signal, a track ^ror signal and a 
data reproducing signal may be used by replacing the photodiode chip 56 with anoth^ photodiode chip, as having been 
40 described in the second enr^xxilment In which the photodiode chip 6 in the first embodiment is replaced v«th the pho- 
todiode chip 1 4. and in tiie third embodiment in which the photodiode chip 6 in the first embodiment is replaced with the 
photodiode chip 15. 

[0474] As the lens to be used in the present enrtKxJiment, there may be used a single finite lens or a combination of 
a colllmate lens and an objective lens. The combination may include a beam splitter located between the collimate lens 

45 and the objective lens for separating a light directing to the medium from the laser diode chip 55. op a light directing to 
the photodiode chip 56 from the medium. This ensures these lights to be parallel lights in the case that the medium is 
located on a light-converging point of the objective lens. Hence, these lights coukJ be readily dealt with. 
[0475] The medium mentioned in the present embodiment includes an optical disc, an optica! tape, and the like, and 
Is composed of phase-change material or photo-electro-magnetic material, for Instance. 

50 [0476] The above-mentioned constant y may be selected from a value in the range of 0 to 1 00. A light utilization effi- 
ciency in data reproduction could be maximized, if the constant y is set equal to 61.8. However, since the central light- 
receiving section 56o receives a light too much in comparison with the other light-receiving sections, if the constant y Is 
set equal to 61 .8, it would be better to set a reflectance of the reflection mirror 57c to be equal to about 1 0%. 

55 [Twentieth Embodiment] 

[0477] An optical head in accordance with the twentieth embodiment has almost the same structure as the structure 
of the optical head in accordance with the third embodiment Illustrated In Fig. 9. but is different only in that the photodi- 
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ode chip 1 5 in the third embodiment is replaced with a photodiode chip 59. Fig. 36 is a plan view of the photodiode chip 
59. 

[0478] The optical head in accordance with the third embodiment is assembled in such a manner that a center of the 
beam spot 8a is coincident with a center of the rear light-receiving section 87, and that a center of the beam spot 8b is 
5 coincident with a center of the front light-receiving section 86. However, when the photodiode chip 1 5 is fixed, the cent- 
ers of beam spot and the light-receiving section may be deviated with each other. 

[0479] Fig. 37A illustrated an example of a focus error signal detected by the optical head in accordance with the third 
embodiment. 

[0480] If the beam spots 8a and 8b are deviated in both x- and z-axes directions, a focus error signal is shifted from 
10 a signal SI represented with a solid line to a signal S2 represented with a broken line. A focus servo has a parameter 
established based on a waveform of a focus en-or signaL Hence, if the beam spots 8a and 8b are deviated as mentioned 
above, a focus error signal would have such a recess as illustrated in Fig. 37A. which would cause the focus servo to 
be improper. 

[0481] ^he reason why^e focus error signal has a recess if the beam spots 8a arrd 8b are deviated is that a beam 
15 spot would have a smaller size as an optical disc is deviated from a light-converging point of a lens to a greater degree, 
and thus, the beam spot 8a might be no longer in alignment with the twelfth light-receiving section 15b or the nirrth light- 
receivir»g section ISe, or the beam ^yoi 8b might be no longer in alignment with the fifth light-receiving section 15h or 
the fourth light-receivir»g section 15k 

[0482] Thus, the optical h^d tn accordartce with the twentieth embodiment is designed to include the photodiode chip 
20 59 which is capable of preventing the above-mentioned matter, in place of the photodiode chip 15. 

[0483] The photodioda cfitp 59 cn ^ fe^sniieth embodiment is designed to include a thirteenth light-receiving section 
59a in place of the nirrth artd «w®Jfih bght-t^eceiving sections 15e and 15b in the third embodiment, and a fourteenth light- 
receiving section 59b in pJac® c3 ^ Caiir^ artd fifth light-receiving sections 15k and 15h in the third embodiment. 
[0484] The photodiode c^:p 59 ^ ^ tw®mi€5h embodiment has the same structure as the structure of the photodiode 
25 chip 15 In the third embctSsmsrrt <snc«pfJ t^ thirteenth and fourteenth light-receiving sections 59a and 59b. Hence, the 
light-receiving sections thai ccrres^jond to tftose of the photodiode chip 15 illustrated in Fig. 9. have been provided with 
the same reference numerals 

[0485] In the photodiode chip 1 5 in the ^ird embodiment illustrated in Fig. 9. the ninth and twelfth light-receiving sec- 
tions 15e and 15b are posrttoned s:d)acent to each other so that one of longer sides of them are in alignment in a line. 

30 On the other hand, in the photcdtcde chsp 59 in the twentieth enUxxliment. illustrated in Fig. 36. the thirteenth light- 
receiving section 59a has a shape obtained by arranging the ninth and twelfth light-receiving sections 15e and 15b in 
the third embodiment in such si manner that shorter sides of them partially overlap each other. That Is, the thirteenth 
light-receiving section 59a s crank-sh^^. Similarly, the fourteenth light-receiving section 59b has a shape obtained 
by an-anging the fourth and ffcfth feght-receiving sectiors 15k and 15h in the third embodiment in such a manner that 

35 shorter sides of them partially ov«rtep each other. That is, the fourteenth light-receiving section 59b Is crank-shaped. 
[0486] Fig. 37B illustrates an (sxafrrple of a focus eror signal detected by the optical head in accordance with the twen- 
tieth embodiment. 

[0487] If the beam spots 8a and & are deviate in fc>oth x- and z-axes directions, a focus error signal is shifted from 
a signal SI represent^j with a so5x3 line to a signal 82 represented with a broken line. However, the shift from the signal 
40 Si to the signal S2 is quite snriall . That is. as illustrate in Fig. 37B. there is almost no difference in a waveform between 
the signals SI and 82. 

[0488] The reason is as folto^ In the twentieth embocfiment. the ninth and twelfth light-receiving sections 15e and 
laj in the third embodiment eie ri^jJaced with the thirteenth light-receiving section 59a, arxJ the fourth and fifth light- 
receiving sections 15k and I5h m she third embodiment are replaced with the fourteenth light-receivir^ section 59b, to 
45 thereby extend a length the Itght-recetving section associated with the beam spots 8a and 8b In a z-axis direction. 
Hence, even if the t>eam spots 8a and 8b are deviated In both x- and z-axes directions, the beam spots 8a and 8b will 
not be over the thirteenth and fourteerrth light receiving sections 59a and 59b. 

[0489] Similarly to the twentieth embodiment in the sixth en^xxliment illustrated in Fig. 13, the problem that a focus 
error signal has a recess in its waveform can t>e solved by further extending the fifth and second light-receiving sections 
so 20e and 20b, and the eleventh and eighth light-receiving sections 301 and 20h of the photodiode chip 20, in a z-axts 
direction. 

[0490] In the seventh embodin^ent illustrated in Fig. 1 4. the problem that a focus error signal has a recess in its wave- 
form can be solved by further extending the light-receiving sections 21e and 21b, and the light-receiving sections 21k 
and 21 h of the photodiode chip 21 . in a z-axis direction. 

55 

[Twenty-first Embodiment] 

[0491] Fig. 38 illustrates an apparatus for fabricating an optical head in accordance with the present invention. The 
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apparatus in accordance with the twenty-first embodiment is used to fabricate the optical head in the above-mentioned 
first to twentieth embodiments. 

[0492] The apparatus for fabricating an optical head is comprised of a microscope 601 . a beam splitter 602 for splitting 
images having passed through the microscope 601. into two images, a first charge coupled device 603 located at the 

5 rear of an image point of the microscope 601 by a distance of M ^ x c/2 for detecting one of the images split by the 
beam splitter 602, wherein "M" indicates a magnification of the microscope 601. arxJ "c" indicates an optical length 
between first and second Inner planes of an optical separator constituting an optical head to be fabricated^ a second 
charge coupled device 604 located in front of an image point of the microscope 601 by a distance of M x c/2 for 
detecting the other of the images split by the beam splitter 602, and a monitor 605 for visualizing signals detected by 

10 the first and second charge coupled devices 603 and 604. 

[0493] The apparatus in accordance with the twenty-first embodiment is used to fix an optical separator such as a 
pnsm relative to a laser diode chip and a photodiode chip, when a positional relation between the laser diode chip and 
the photodiode chip has already been fixed. 

[0494] The optical separator is installed so that an optical axis thereof passes through centers of rear and front light- 
15 receiving sections. If the rear and front light-recaving sections are observed with only a microscope being installed in 
alignment with an optical axis, the optical head would be optically equivalent to an, optical head where a rear light- 
receiving section, a laser diode chip, and a front light-receiving section are aligned in a line in an optical axis with being 
spaced from one another by a distance of c/2. Hence, if a light is focused on the rear light-receiving section, it would be 
irrpossiWe to observe the front light-receiving section, and if a light is focused on the front light-receiving section, it 
20 would be impossible to observe the rear light-receiving section. 

[0495] On the other hand, the apparatus in accordance with the twenty-first embodiment makes it possit>le to observe 
a signal detected at the second charge coupled device 604. through the rear light-receiving section, and observe a sig- 
nal detected at the first charge coupled device 603. through the front light-receiving section, by focusing a light onto the 
laser diode chip. 

25 [0496] This is because that an image of an object (the rear light-receiving section) located at the rear of an object 
point of the microscope 601 by a distance of c/2 is focused on the second charge coupled device 604, as illustrated in 
the uppermost illustration in Rg. 39. and also because an image of an object (the front light-receiving section) located 
in front of an object point of the microscope 601 by a distance of c/2 is focused on the first charge coupled device 603. 
as illustrated in the lowermost illustration in Fig. 39. 

30 [0497] As illustrated in the middle illustration in Fig. 39. an image of an object (the laser diode chip) located at an 
object point of tiie microscope 601 is not focused on both the second and first charge coupled devices 604 and 603. 
Hence, it is observed, when a ligfit is emitted from the laser diode chip, as if beam spots were formed in both the rear 
and front light-receiving sections. 

[0498] It would be possible to sinujltaneously observe both the rear and front light-receiving sections by visualizing 
35 both a signal detected by the second charge coupled device 604 and a signal detected by the first charge coupled 
device 603 tiirough tiie monitor 605. The optical separator can be installed in such a manner that an optical axis passes 
through centers of the rear and front light-receiving sections, by aligning a center of a light-emitting point of the laser 
diode chip which would be out of focus and be observed as if it were a beam spot, with the centers of the rear and front 
light-receiving sections. 

40 [0499] In the apparatus in accordance with the twenty-first embodiment, in contrast with the arangement illustrated 
in Fig. 38. the second charge coupled device 604 may be located at the rear of an image point of the microscope 601 
by a distance of M ^ x c/2 , and the first charge coupled device 603 may be located in front of an image point of the 
microscope 601 by a distance of M ^ x c/2 . 

[0500] The apparatus in accordance with the twenty-first embodiment is designed to include the monitor 605. because 
45 the optical separator is manually adjusted by an operator. However, if a robot would adjust the optical separator, it is not 
always necessary for the apparatus to include the monitor 605. 

[Twenty-second Embodiment] 

so [0501] Fig. 40 illustrates an apparatus for fabricating an optical head in accordance with the present invention. The 
apparatus in accordance with the twenty-second embodiment is used to fabricate the optical head in the above-men- 
tioned first to twentieth embodiments, similarly to the apparatus in accordance with the twenty-first embodiment, illus- 
trated in Fig. 38. 

[0502] The apparatus for fabricating an optical head, in accordance with the twenty-second embodiment is conprised 
55 of an objective lens 606. a beam splitter 607 for splitting images focused by the objective lens 606. into at least two 
images, a first eye-piece lens 608 for focusing one of images split by the beam splitter 607, a second eye-piece lens 
609 for focusing the other of images split by the beam splitter 607. a first charge coupled device 603 located at tiie rear 
of a focal point of the first eye-piece lens 608 by a distance of M ^ ^ x c/2 wherein "Mi" indicates a combined magnrfi- 
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cation of the objective lens 606 and the first eye-piece lens 608, and "c" indicates an optical length between first and 
second Inner planes of an optical separator constituting an optical head to be fabricated, a second charge coupled 
device 604 located in front of a focal point of the second eye-piece lens 609 by a distance of x c/2 wherein "M2" 
indicates a combined magnification of the objective lens 606 and the second eye-piece lens 609, and a monitor 605 for 
5 visualizing signals detected by the first and second charge coupled devices 603 and 604. 

[0503] The apparatus in accordance with the twenty-second embodiment operates in the same way as the apparatus 
in accordance with the twenty-first embodiment, and provides the same advantages as those of the apparatus in 
accordance with the twenty-first embodiment. 

[0504] While the present invention has been described in connection with the preferred embodiments, the present 
10 invention provides various advantages as follows. 

[0505] The first advantage is that the present invention makes it possible to fabricate an optical head in a smaller thick- 
ness. 

[0506] This is because that the first and third outer surfaces of the prism are parallel with each other, and a light emit- 
ted from the laserdiode chip towards the lens enters the prism at the f irst surface with an optical axis being per pend ic- 
75 ular to the first surface, and leaves the prism at the third outer surface with an optical axis being perpendicular to the 
third outer surface, and hence, an optical head can be designed to have a reduced thickness equal to a sum of thick- 
nesses of the optical separator and the photodiode chip. 

[0507] The second advantage is that there is no optical loss in the optical separator. 

[0508] The reason is as follows. A light directing towards the lens from the laser diode chip enters the prism at the 
20 first outer surface, passes through the first inner plane (or the f rst and second inner planes, or the first to third inner 
planes), leaves the prism at the third outer surface. Is converted into a circularly polarized light from a linearly polarized 
light by means of the quarter wavelength plate, and is focused onto a medium through the lens. A light reflected at the 
medium is converted into a linearly polarized light having an orientation perpendicular to an original orientation, from a 
circularly polarize light by the quarter wavelength plate, enters the prism at the third outer surface, is reflected at the 
25 second inner plane by half, and passes through the second inner plane by half. The light having been reflected at the 
second inner plane leaves the prism at the second outer surface, and is received in a light-receiving section formed on 
a light-r^eiving plane of the photodiode chip. The light having been passed through the second inner plane leaves the 
prism at the second outer surface, and is received In another lighrt-receiving section formed on a light-receiving plane 
of the photodiode chip. Thus, a light separated by the optical separator is received in any of light-receiving sections. 
30 ensuring no optical loss in the optical separator. 

[0509] The third advantage is that the optical separator is superior in productivity. 

[051 0] The reason is as follows. Since the first and third outer surface are parallel to each other, and the first and sec- 
ond inner planes are parallel to each other, the optical s^arator can be fabricated by steps of depositing a plurality of 
glass plates each coated with a coating, cutting the thus deposits glass plates into slices, optically polishing each of 
35 the slices and then cutting the optically polished slices into bar-shap^ optical separators, and dicing each of the bar- 
shaped optical separators into a chip. Thus, the optical head can be fabricated a lot at a time, ensuring enhanced pro- 
ductivity. 

[05111] If the fourth and second outer surfaces are arrange parallel to each other, the slice can be efficiently cut into 
the bar-shaped optical separators, which would save fabrication costs, and hence, further enhance productivity. 

40 [051 2] The fourth advantage is that a light-emitting point of the laser diode chip is deviated relative to the photodiode 
chip in a direction perp^icular to a light-receiving plane, focus offset caused by ajch deviation is not generated. 
[0513] This is because since the first inner plane is inclined by 45 degrees relative to the first outer surface, and the 
second outer surface is perpendicular to the first outer surface, a relative positional relation in a direction of an optical 
axis between the laser diode chip and the photodiode chip is kept unchang^. 

45 [051 '^] The fifth advantage is that a component of the track error signal is not mixed into the focus error signal. 

[051 5] The reason is as follows. If the medium is deviated from a light-converging point of the lens in a direction of an 
optical axis, the beam spots to be formed on the photodiode chip vary in size. In the optical head in accordance with 
the present invention, the focus error signal is detected based on variation in a size of the beam spots in an optically 
tangential direction. Hence, if the track error signal component is observed as variation in a light amount of the beam 

so spot in an x-axis direction the focus error signal is detected as variation in a size of the beam spot in a z-axis direction, 
and if the track error signal component is observed as variation in a light amount of the beam spot in a z-axis direction, 
the focus enror signal is detected as variation in a size of the beam spot in an x-axis direction. Thus, the component of 
the track error signal is unlikely to be mixed into the focus error signal. 

[0516] The sixth advantage is that the optical head could have a great tolerance in a direction perpendicular to an 
55 optical axis of the laser diode chip and parallel to a light-receiving plane of the photodiode chip. 

[051 71 This is because it is possible to make the beam spot formed by a light reflected at the third or second inner 
plane, larger in size. 

[0518] The seventh advantage is that track offset is hardly generated, even if the diffraction device is deviated in a 
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plane perpendicular to an optical axis. 

[0519] The reason is that it is possible to allow a light reflected at the medium to have a great diameter in the diffrac- 
tion device. 

[0520] The eighth advantage is that a tolerance of the diffraction device in an optically tangential direction is infinite, 
5 unless the tolerance is out of the diffraction device. 

[0521] This is because that the diffraction device is divided into first and second regions by a division line parallel to 
an optically tangential direction and intersecting with an optical axis, and the track error signal Is detected based on a 
difference between an amount of a diffracted light in the first region and an amount of a diffracted light in the second 
region. 

10 [0522] The ninth advantage is that even if an oscillation wavelength of the laser diode chip varies due to temperature 
fluctuation and so on. and hence, a diffraction angle of a diffracted light emitted from the diffraction device varies, such 
variation would exert no irrfluence on the track error signal. 

[0523] The reason is that since the track error signal Is detected based on a diffracted light emitted from the diffraction 
device, a beam spot formed by the diffracted light emitted from the diffraction device is designed not to be cross a plu- 
75 rality of light-receiving sections. 

[0524] The tenth advantage is that even if a beam spot is deviated in an optically radial direction due to assembling 
errors of an optical head, there would not be generated track offset, and the focus error signal would not be influenced. 
[0525] This is because that the photodiode chip does not always have a division line parallel to an optically tangential 
direction. 

20 [0526] The eleventh advantage is that there woukj be small dispersion in an intensity profile of a light in an optical 
path from the laser diode chip to the lens. 

[0527] A light emitted from the laser diode chip towards the lens enters the optical separator at the first outer surface, 
passes through the first inner plane, leaves the optical separator at the third outer surface, and is focused into the 
medium through the lens. When a light is radiated to the optical separator, the light enters the optical separator at a 
25 plane at various incident angles, and is diverged. It is quite difficult to provide the same reflectance and transmittaruse 
to all incident angles. However, a light directing from the laser diode chip 1 to the lens is diverged only once at the first 
inner plane, there would be small dispersion in an intensity profile of the light. 

[0528] The twelfth advantage is that even If the laser diode chip is positioned slightly out of place in assembling, it 
would be possible to prevent the laser diode chip from making abutment with the optical separator. 

30 [0529] The reason is as follows. The laser diode chip is positioned so that an optical length between the laser diode 
chip and the first inner plane is equal to (a + b + 3c)/2 wherein "a" indicates an optical length between the first inner 
plane and the rear light-receiving section, "b" indicates an optical length between the second inner plane and the front 
light-receiving section, and **c" indicates an optical length between the first and second inner planes. Hence, if the first 
inner plane is arranged to be Inclined by 45 degrees relative to the first outer surface, and the second outer surface is 

35 arranged perperKlicular to the first outer surface, an optical length between the laser diode chip and the first outer sur- 
face is equal to c/2. which means that a big gap is formed therebetween. As a result, even if the laser diode chip is 
assembled slightiy out of place, it woutel be possible to keep the laser diode chip from making abutment with the optical 
separator. 

[05301 The thirteenth advantage is that the optical head allows the laser diode chip to emit a light polarized in any 
40 direction, and is not influenced even when the medium Is composed of material having birefringence. 
[0531] This is because that the optical separator can be designed to have no polarization. 
[0532] The fourteenth advantage is that the optk:al head is less influenced by rxjises in an electronic amplifier. 
[0533] For instance, in the atxsve-mentioned sixth emtx)dimertt. wirings associated with the eleventh, tenth, fifth and 
fourth light-receiving sections can be collected into a single wiring, and wirings associated with the twelfth, ninth, sixth 
45 and third light-receiving sections can be collected into a single wiring. Thus, a current per a wiring can be increased by 
bundling wirings as much as possible, which ensures less influence caused by noises in an electronic amplifier. 
[0534] The fifteenth advantage is that even if an amount of a light fbrwardly emitted from the laser diode chip is not 
coincident with an amount of a light backwardly emitted from the laser diode chip in deperxlence on surrounding situa- 
tions, it would be possible to accurately measure an amount of a light focused onto the medium. 
so [0535] The reason is as follows. A light emitted from the laser diode chip towards the lens is reflected at any one of 
the first to third inner planes by p% (0 < p < 1 00). The thus reflected light is reflected arKl collected by the reflection mir- 
ror mounted on the fourth outer surface, leaves the optical separator at the second outer surface, and is received in a 
light-receiving section formed on a light-receiving plane of the photodiode chip. Hence, a part of the light focused onto 
the medium can be separated to thereby use for measuring an amount of the light to l>e focused onto the medium. 



55 



Claims 

1 . An optical head comprising: 



41 



EP 0 945 859 A2 



(a) a laser diode chip (1 , 2, 55); 

(b) a lens for focusing lights emitted from the laser diode chip, onto an object; 

(c) an optical separator (7, 17. 23, 32, 35. 38, 49, 51, 57) for separating lights reflected from the object, from 
an optical axis of a light directing towards the lens from the laser diode chip; and 

5 (d) a photodiode chip (6, 14. 15, 16, 19, 20. 21, 22. 27, 28. 31, 34, 37. 42, 44. 48, 54. 56, 59) receiving lights 

having been separated from the optical axis by the optical separator, 

the optical separator being a square pole in shape defined by a first sidewall (65a. 70a, 75a, 306a, 402a. 
410a, 500a. 505a. 510a). a second sidewall (65b. 70b, 75b. 306b. 402b, 410b. 500b. 505b. 510b) in paral- 
10 lei with the first side wall, and first, second, third and fourth outer surfaces (66. 67, 68, 69; 71 , 72, 73, 74; 

76. 77, 78. 79; 307, 308, 309, 310; 403. 404, 405, 406; 411 , 412, 413, 414; 501, 502, 503, 504; 506, 507, 
508. 509; 51 1, 512, 513, 614) all perpendicular to both the first and second sidewalls. the first and third 
outer surfaces b&ng in parallel with each other, 
characterized in that 

15 the cpticals separator has first and second inner planes (7a, 7b; 17a, 17b; 23a. 23b; 32a, 32b; 35a, 35b; 

38a, 38b; 49a, 49b; 57a, 57b) both perpendicular to the first and second sidewalls and in parallel with each 
other, and both being inclined relative to the first outer surface at a predetermined angle, 
the photodiode chip has a light-receiving plane (61 . 1 61 . 1 91 , 201 . 221 , 281 ,311. 341 , 421 , 561) in parallel 
with the second outer surface, 

20 a light cSrectirtg towards the lens from the laser diode chip enters the first outer surface, passes through 

the first and second inner planes in this order, leaves the optical s^arator at the third outer surface, and 
is focused onto the object by the lens, 

the light having been reflected by the object enters the third outer surface, is reflected In the optical sepa- 
rator, passes through the optical separator, and is receive in a frorrt light-receiving section formed on the 
25 light-receiving plane of the photodiode chip, 

the remaining part of the light is received in a rear light-receiving section formed on the light-receiving 
plane of the photodiode chip, and 

the laser diode chip is positioned so that an optical length between the laser diode chip and the first inner 
plane is equal to a pr^etermined length defined by "a" Indicates an optical length between the first inner 
30 plane arxJ the rear light-receiving section, "b" indicates an optical length between the second inner plane 

and the front light-receiving section, and "c" indicates an optical length between the first and second inner 
planes. 

2. The optical head as set forth in claim 1 , wherein the light having been reflects by the object, enters the third outer 
35 surface (68). passes through the s^x)nd inner plane (7b) by half, and is reflected at the second inner plane (7b) by 
the remaining half, 

the light having t>een reflects at the second inner plane (7b) leaves the optical separator (7) at the second 
outer surface (67). arid is received in the frorrt light-receiving section (80, 84. 86), 
40 the light having passed tiirough the second inner plane (7b) is reflects at the first inner plane (7a). leaves the 

optical separator (7) at the second outer sur^ce (67), and is r^eived in the rear light-receiving section (81 , 85. 
87), and 

the optical length betwe^ the laser diode chip (1) and the first inner plane (7a) is equal to (a b - c)/2 . 

45 3. The optical head as set forth in claim 1 . wherein the optical separator (1 7) further includes a third inner plane (1 7c) 
in parallel with the first and second inner planes (1 7a, 1 7b). 

a light directing towards the lens from the laser diode chip (1 ) enters the first outer surface (71 ), passes through 
the first, second ard third inner planes (17a. 17b, 17c) in this order, leaves the optical s^arator (17) at the third 

so outer surface (73). and is focused onto the object by the lens, 

the light having been reflected by the object enters the third outer surface (73), is reflected at the third inner 
plane (1 7c) by a% (0 < a < 1 00), and passes through the third inner plane (1 7c) by (1 00 - a)%, 
the light having been refined at the thdrd inner plane (17c) leaves the optical separator (17) at the second 
outer surface (72). and is received in an additional light-receiving section (90, 93. 96, 99) formed on the light- 

55 receiving plane (161. 191. 201) of the photodiode chip (16. 19. 20. 21). 

the light having passed the third inner plane (17c) is reflected at the second inner plane (17b) by half, and 
passes through the second inner plane (1 7b) by the remaining half, 

the light having been reflected at the second inner plane (17b) leaves the optical separator (17) at the second 



42 



EP 0 945 859 A2 



outer surface (72), and is received in the front light-receiving section (88, 91 , 94. 97). 
the light having passed through the second inner plane (17b) is reflected at the first Inner plane (17a). leaves 
the optical separator (17) at the second outer surface (72), and is received in the rear light-receiving section 
(89, 92. 95. 98). and 

the optical length between the laser diode chip (1) and the first inner plane (17a) is equal to (a + b - c)/2 . 

The optical head as set forth in claim 1. further including a diffraction device (24). and wherein a light directing 
towards the lens from the laser diode chip (1), enters the first outer surface (76). passes through the first and sec- 
ond inner planes (23a, 23b) in this order, leaves the optical separator (23) at the third outer surface (78). passes 
through the diffraction device (24), and is focused onto the object by the lens. 

the light having been reflected by the c^ject is separated into a transmitted light and a diffracted light by the 
diffraction device (24). enters the third outer surface (78), passes through the second inner plane (23b) by half, 
and is reflected at the second inner plane (23b) by the remaining half, 

the light having been reflected at the second inner plane (23b) leaves the optical separator (23) at the second 
outer surface (77). arKJ is received In the front light-receiving section (300. 302. 304). 

the light having passed through the second inner plane (23b) is reflected at the first inner plane (23a), leaves 
the optical separator (23) at the second outer surface (77), and is received In the rear light-receiving section 
(301,303,305). 

a track error signal indicative of an error of a track is detected from the diffracted light, and 

the optical length between the laser diode chip (1) and the first inner plane (23a) Is equal to (a + b - c)/2 . 

The optical head as set forth in claim 1, wherein a light directing towards the lens from the laser diode chip (1) 
enters the first outer surface (307). passes through the first inner plane (32a). leaves the optical separator (32) at 
the third outer surtece (309). and Is focused onto the object by the lens. 

the ligtTt having been reflected by the object enters the third outer surface (309). is reflected at the first Inner 
plane (32a). passes through the second imer plane (32b) by half, and is reflected at the second inner plane 
(32b) by the remaining half. 

the light having passed through the second inner plane (32b) leaves the optical s^arator (32) at the second 
outer surface (308), and is received in the front light-receiving section (400), 

the light having been reflected at the second inner plane (32b) is reflected at the first inner plane (32a), leaves 
the optical separator (32) at the second outer surface (308), and is received in the rear light-receiving s^on 
(401), and 

the optical length between the laser diode chip (1) and the first inner plane (32a) Is equal to (a + b + 3c)/2 . 

The optical head as set forth in claim 1, wherein the lighrt having been reflected by the object enters the third outer 
surface (405), passes through the second Inner plane (35b) by half, and is reflected at the second inner plane (35b) 
by the remaining half. 

the light having been reflected at the second inner plane (35b) leaves the optical separator (35) at the second 
outer surface (404). and is received In an additional light-receiving section (409) formed on the light-receiving 
plane (341) of the photodiode chip (34). 

the light having passing through the second inner plane (35b) Is reflects at the first inner plane (35a). enters 
the second inner plane (35b) again, passing through the second inner plane (35b) by half, and is reflected at 
the second inner plane (35b) by the remaining half. 

the light having passed through the second inner plane (35b) leaves the optical s^arator (35) at the second 
outer surface (404). ax\6 is received in the front light-receiving section (407). 

the light having been reflected at the second inner plane (35b) is reflected at the first inner plane (35a). leaves 
the optical separator (35) at the second outer surface (404). and is received in the rear light-receiving section 
(408). and 

the optical length between the laser diode chip (1) and the first inner plane (35a) is equal to (a + b + 3c)/2 . 

The optica! head as set forth in claim 1. further including a diffraction device (39), arxJ wherein a light directing 
towards the lens from the laser diode chip (1) enters the first outer surface (41 1). passes through the first inner 
plane (38a), leaves the optical separator (38) at the third outer surface (413). passes through the diffraction device 
(39). and is focused onto the object by the lens, 
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the light having been reflected by the object is separated into a transmitted light and a diffracted light by the 
diffraction device (39), enters the third outer surface (413). is reflected at the first inner plane (411), passes 
through the second inner plane (38b) by half, and is reflected at the second Inner plane (38b) by the remaining 
half. 

5 the light having passed the second inner plane (38b) leaves the optical separator (38) at the second outer sur- 

face (412). and is received In the front light-receiving section (415, 41 7, 419). 

the light having been reflected at the second inner plane (38b) is reflected at the first inner plane (38a), leaves 
the optical separator (38) at the second outer surface (412), and is received in the rear iight-receiving section 
(416, 418, 420). 

10 a track error signal indicative of an error of a track is detected from the diffracted light, and 

the optical length between the laser diode chip (1) and the first inner plane (38a) is equal to (a + b + 3c)/2 . 

8. The optical head as set forth in claim 1. wherein a light directing towards the lens from the laser diode chip (55) 
enters the first outer surface (51 1 ), passes through the first inner plane (57a) by (100 - y)% (0 < y < 100), leaves the 

15 Optical s^arator (57) at the third outer surface (513), and is focused onto the object by the lens. 

the light having been reflected by the object enters the third outer surface (513), is reflected at the first inner 
plane (57a) by y%. passes through the second Inner {57b) plane by 1 007/(7 + 100)%, and Is reflected at the 
second inner plane (57b) by 10000/(y+ 100)%, 
20 the light having passed through the second inner plane (57b) leaves the optical separator (57) at the second 

outer surface (512). and is received in the front light-receiving section (515), 

the light having been reflected at the second inner plane (57b) is reflected at the first inner plane (57a) by y%, 
leaves the optical separator (57) at the second outer surface (512), and is received in the rear light-receiving 
section (516). and 

25 the optical length between the laser diode chip (55) and the first Inner plane (57a) is equal to (a + b + 3c)/2 . 

9. The optical head as set forth in claim 8. further conrprlsing a diffraction device (39. 41 ), and wherein a light directing 
towards the lens from the laser diode chip leaves the optical separator at the third outer surface, and passes 
through the diffraction device, and being focus^ onto the object by the lens, and the light having been reflected at 

30 the object is separated into a transmitted light and a diffracted light by the diffraction device (39, 41 ), and enters the 
third outer surface. 

1 0. The optical head as set forth in daim 8 or 9, wherein y is equal to 61 .8. 

35 11. The optical head as set forth in any one of claims 1 to 8, further comprising a base (1 7d. 23c) composed of light- 
permeable material, and locate between the optical separator and the photodiode chip. 

12. The optical head as set forth in any one of claims 1 to 8. further comprising a quarter wavelength plate (7c. 17e, 
25, 32c, 35c) locate between the optical separator or diffraction device and the object, the quarter wavelength 

40 plate converting a light having left the third outer surface or the diffraction device to a circularly polarized light from 
a linearly polarized light, and also converting a light having been reflects at the object from a circularly polarized 
light to a linearly polarized light having an orientation perpendicular to an original orientation thereof. 

13. The optical head as set forth in claim 12, wherein the quarter wavelength plate (7c. 17e. 25, 32c, 35c) is formed 
45 integral with the optical sq^arator. 

14. The optical head as set forth in claim 4, 7 or 9, wherein the diffraction device (24. 39, 41) is divided into a first region 
(24a. 39a. 41a) and a second region (24b. 39b. 41b) via a division line parallel to an optically tangential direction 
and intersecting with an optical axis, the track error signal being detected bas&i on a difference in an amount 

50 between a diffracted light diffracted by the first region and a diffracted light diffracted by the second region. 

15. The optical head as set forth in claim 4, 7 or 9. wherein the diffraction device (29) is divided into first, second, third 
and fourth regions (29a, 29b. 29c, 29d) via a first division line parallel to an optically tangential direction and inter- 
secting with an optical axis, and a second division line parallel to an optically radial direction and intersecting with 

55 an optical axis, the first and ttiird regions (29a. 29c) diagonally facing each other, the second and fourth regions 
(29b. 29d) diagonally facing each other, the track error signal being detected based on a sum in an amount of a 
diffracted light diffract^l by the first and third regions, and further based on a sum in an amount of a diffracted light 
diffracted by the second and fouth regior^s. 
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16. The optical head as set forth in claim 4. 7 or 9, wherein the diffraction device (24. 39, 41 . 29) is comprised of a holo- 
gram device acting also as a lens. 

17. The optical head as set forth in any one of claims 1 to 8, wherein the first inner plana is inclined relative to the first 
outer surface by 45 degrees, and the second outer surface is perpendicular to the first outer surface. 

18. The optical head as set forth in any one of claims 1 to 8. wherein the fourth outer surface is in parallel with the sec- 
ond outer surface. 

19. The optical head as set forth in any one of claims 1 to 8. wherein when the object moves from a converging point 
of the lens towards an optical axis, and as a result, a size of a beam spot formed on the photodiode chip is varied, 
a focus error signal is detected based on variation of the size of a beam spot in an optically tangential direction. 

20. The optical head as set forth in any one of claims 1 to 8. further comprising a half-wave plate (51a) associated with 
a polarization direction of a light emitted from the laser diode chip, located between the laser diode chip and the 
optical separator. 

21 . The optical head as set forth in any one of claims 1 to 8, wherein the laser diode chip is positioned in parallel with 
or perpendicularly to a surface of the photodiode chip in accordance with a polarization direction of a light emitted 
from the laser diode chip. 

22. The optical head as set forth in any one of claims 1 to 8, further conrprising a semiconductor heat sink (47. 53) on 
which the laser diode chip is to be mounted. 

23. The optical head as set forth in any one of claims 1 to 8. further comprising a reflection min-or (49c. 57c) mounted 
on the fourth outer surface, and wherein a light directing from the laser diode chip towards the lens is reflected at 
any one of the first to third inner planes by p% (0 < p < 100). and the thus reflected light is reflected and collected 
at the reflection mirror (49c. 57c). leaves the optical separator at the second outer surface, and received at the light- 
receiving sections formed on the light-receiving plane of the photodiode chip. 

24. The optical head as set forth in any one of claims 1 to 8. wherein the front and rear light-receiving sections are both 
conprised of first to 2N-th light-receiving sections (N is a positive integer equal to or greater than 3), the first to 2N- 
th light-receiving sections being divided from one another by a first division line parallel to an optically tangential 
direction of the object and (N - 1) division lines perpendicular to the first division line. 

25. The optical head as set forth in any one of daims 1 to 8, wherein the front light-receiving section (86) is comprised 
of first to sixth light-receiving sections (15g, 15h, 15i. 15j, 15k. 151). 

the first, third and fourth light-receiving scions (1 51, 1 5j. 15k) t>eing located at one side of a front first division 
line (15n) parall^ to an optically tangential direction of the object, ard the fifth, sixth and second light-receiving 
sections (1 5h. 1 5i, 1 5g) being located at the other side of the front first division line (1 5n). 
the first, fifth and sixth light-receiving sections (151. 15h. 15i) being located at one side of a front second divi- 
sion line (15o) parallel to an optically radial direction of the object, and the third, fourth and second ligfrt-receiv- 
ing sections (15]. 15k. 15g) being locate at the other side of the front second division line (15o). 
an optica! axis of the light reflected at the second inner plane and leaving the optical separator at the second 
outer surface, passing through an intersection between the front first division line (15n) and the front second 
division line (15o), 

and wherein the rear light-receiving section (87) is comprised of seventh to twelfth light-receiving sections 
(15d, 15c. 15e. 15f. 15a, 15b). 

the ninth, tenth and seventh light-receiving sections (15e, 15f. 15d) being located at one side of a rear first divi- 
sion line (15m) parallel to an optically tangential direction of the object, and the eighth, eleventh and twelfth 
light-receiving sections (15c, 15a. 15b) being located at the other side of the rear first division line (15m), 
the ninth, tenth and eighth light-receiving sections (15e, 15f. 15c) being located at one side of a rear second 
division line (15r) parallel to an optically radial direction of the object, and the seventh, eleventh and twelftii 
light-receiving sections (15d. 15a. 15b) being located at the other side of the rear second division line (15r). 
an optical axis of the light reflected at tiie first inner plane and leaving the optical separator at the second outer 
surface, passing through an intersection between the rear first division line and the rear second division line. 
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26. The optical head as set forth in claim 25, wherein a front third division line (15p) dividing the third and fourth light- 
receiving sections (15j, 1 5k) from each other, a front fourth division line (15q) dividing the fifth and sixth light-receiv- 
ing sections (15h, 15i) from each other, a rear third division line {15s) dividing the ninth and tenth light-receiving 
sections {15e, 1 5f) from each other, and a rear fourth division line (15t) dividing the eleventh and twelfth light-receiv- 
ing sections (1 5a, 1 5b) from each other are all parallel to an optically radial direction of the object. 

27. The optical head as set forth in claim 26. wherein the third light-receiving section (15j) is located between the front 
third division line {15p) and the front second division line (15o). the fifth light-receiving section (15h) is located 
between the front fourth division line (15q) and the front second division line (15o). the ninth light-receiving section 
(15e) is located between the rear third division line (15s) and the rear second division line (15r), the eleventh light- 
receiving section (15a) is located between the rear fourth division line (15t) and the rear second division line (15r), 
the third and fifth light-receiving sections (I5j, 15h) overlap each other on tfie front second division line (15o), and 
the ninth and eleventh light-receiving sections (15e, 15a) overlap each other on the rear second division line (15r). 

28. The optical head as set forth in claim 3 or 6. wherein the front and rear light-receiving sections (88. 89; 91 , 92; 94, 
95; 97. 98; 407. 408) are both comprised of (N + 1) light-receiving sections defined by N division lines in parallel to 
an optically radial direction of the object (N is a positive integer equal to or greater than 1), 

and wheren the additional light-receiving section (90. 93. 96. 99. 409) is comprised of (M + 1) light-receiving sec- 
tions defined by M division lines in parallel to an optically tangential direction of the object (M is a positive integer 
equal to or greater than 1). 

29. The optical head as set forth in daim 28, wherein the additional light-receiving section (90. 93. 98. 99, 409) is fur- 
ther divided by a division line parallel to an optically radial direction of the object. 

30. The optical head as set forth in claim 28 or 29. wherein the front and rear light-receiving sections (88. 89; 91 . 92; 
94. 95; 97, 98; 407, 408) are further divided by a division line parallel to an optically tangential dir^ion of the 
object. 

31. The optical head as set forth in daim 24. wherein each of light-receiving sections constituting the front and rear 
light-receiving sections (88. 89; 91 . 92; 94. 95; 97. 98; 407. 408) is turned by a certain d^ree about an optical axis 
thereof. 

32. The optical head as set forth in claim 23. wherein the reflection mirror (49c. 57c) is designed to have reflectance of 
about 10% when p and y are both equal to 61 .8. 

33. A method of fabricating an optical separator to be used in an optical head, the optical head comprising (a) a laser 
diode chip, (b) a lens for focusing lights emitted from the laser diode chip, onto an object, (c) an optical separator 
for separating lights reflected from the object, from an optical axis of a light directing towards the lens from the laser 
diode chip, and (d) a photodiode chip r^eiving lights having been separated from the optical axis by the optical 
separator, the optical separator being a square pole in shape defined by a first sidewall. a second stdewall in par- 
allel with the first side wall, and first, second, third and fourth outer surfaces all perpendicular to both the first and 
second sidewalls. the first and third outer surfaces being in parallel with each other, the optical s^rator having 
first and second inner planes both perpendicular to the first and second sidewalls and in parallel with each otfier. 
and both being inclined relative to the second outer surface at a predetermine angle, the photodiode chip having 
a light-receiving plane in parallel with the second outer surface. 

the method conprising the steps of: 

(a) depositing glass plates one on another, each of the glass plates having a coating on a surface thereof; 

(b) cutting the thus deposited glass plates; 

(c) optically polishing a cutting surface at which the deposited glass plates have been cut; 

(d) cutting the glass plates at a predetermined angle relative to the cutting surface; and 

(e) didng the thus cut glass plates into chips. 

34. The method as set forth in claim 33, wherein the deposited glass plates are cut at an angle of (0 -i- ii - 7c/2 ) in the 
step (b) wherein 6 indicates an angle formed between the first inner plane and a surface of the optical separator 
through which a light emitted from the laser diode chip passes into the optical separator, and x\ indicates an angle 
forme between the photodiode chip and a surface of the optical separator through which a light emitted from the 
laser diode chip passes into the optical separator 
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35. The method as set forth in claim 33 or 34, further comprising the step of adhering a bar-shaped quarter wavelength 
plate to the deposited glass plates prior to carrying out the step (e). 

36. The method as set forth in claim 33 or 34. further comprising the step of adhering a bar-shaped photodiode to the 
deposited glass plates prior to carrying out the step (e). 

37. An apparatus for fabricating an optical head, comprising: 

(a) a microscope (60 1 ) ; 

(b) a beam splitter (602) for splitting Images having passed through the microscope (601). into at least two 
images; 

(c) a first charge coupled device (603) located at the rear of an image point of the microscope (601) by a dis- 
tance of X c/2 for detecting one of the images split by the beam splitter (602), wherein "M" indicates a 
magnification of the microscope (601). and "c" indicates an optical length between the first and second inner 
planes: and 

(d) a second charge coupled device (604) located in front of an image point, of the microscope (601) by a dis- 
tance of M ^ * c/2 tor detecting the other of the images split by the t>eam splitter (602). 

38. An apparatus to f€±wi«itirtg an optcal head, comprising: 

(a) an objecbv® ksr^ (606): 

(b) a beam (607) tor QjJitiing images focused by the objective lens (606). into at least two images; 

(c) a first eye-p«c® tens (608) tor tocusing one of inr^ges split by the beam splitter (607); 

(d) a second ©yt^-p^sco lens (609) tor focusing the other of irrnges spirt by the beam splitter (607); 

(e) a first chargd ooiip3<K3 (Ssvtc® (603) located at the rear of a focal point of the first eye-piece lens (608) by a 
distance of M , ^ . c/2 "Mi" indicates a combined magnification of the objective lens (606) and the 
first eye-piece tens (608). and "c" indicates an optical length between the first and second inner planes: and 
(d) a second charge coupled device (604) locate in front of a focal point of the second eye-piece lens (609) 
by a distance M j ^ * c/2 vvherein indicates a combined nragnif ication of the objective lens (606) and 
the second eye-piece lere (609). 
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